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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED B72) 


SGS-THOMSON’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 
Microelectronics. As used herein: 


1. Life support devices to systems are devices or systems 2. A critical component is any component of a life sup- 


which, are intended for surgical implant into the body port device or system whose failure to perform can be 
to support or sustain life, and whose failure to perform, reasonably expected to cause the failure of the life sup- 
when properly used in accordance with instructions for port device or system, or to affect its safety or effecti- 
use provided in the labeling, can be reasonably expec- veness. 


ted to result in a significant injury to the user. 
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Type Page 
Number Number 


AM6012 12 Bit High Speed Multiplying D/A Converter 

AM6012A 12 Bit High Speed Multiplying D/A Converter 

DAC0806 6 Bit D/A Converter 

DAC0807 7 Bit D/A Converter 

DAC0808 8 Bit D/A Converter 

J Series Mixed Analog/Digital Bipolar Arrays 

KO9 Series High Frequency Analog Bipolar Arrays 

L165 3A Power Operational Amplifier 

L200 Adjustable Voitage and Current Regulator 

L272/M Dual Power Operational Amplifier 

L296/P High Current Switching Regulator 

L387A Very Low Drop 5V Regulator 

L601/2/3/4 Darlington Array 

L702 2A Quad Darlington Switch 

L2720/22/24 Low Drop Dual Power Op. Amp. ..............000000 ee 
L4901A Dual 5V Regulator with Reset 

L4902A Dual 5V Regulator with Reset and Disable 

L4903 Dual 5V Regulator with Reset and Disable 

L4904A Dual 5V Regulator with Reset 

L4905 Dual 5V Regulator with Reset 

L4940 Series Very Low Drop 1.5 Regulator 

L4941/X Very Low Drop 1A Regulator 

L4960 2.5A Power Switching Regulator 

L4962 1.5A Power Switching Regulator 

L5832 Solenoid Controller 

L6221A/N Quad Darlington Switch 

L6222 Quad Transistor Switch 

L7150/2 50V Quad Darlington Switches 

L7180/82 80V Quad Darlington Switch 

L7800 Series Positive Voltage Regulators 

L7800AB Series Precision 1A Regulators 

L7800AC Series Precision 1A Regulators 

L78MO0 Series Positive Voltage Regulators 

L78MOOAB Series | Precision 500mA Regulators 

L78S00 Series 2A Positive Voltage Regulators 

L7900 Series Negative Voltage Regulators 

L7900AC Series +2% Negative Voltage Regulators 

LF147/A/B Wide Bandwidth Quad JFET Op-Amp. ................. 
LF151/A/B Wide Bandwidth Single JFET Op-Amp. ................. 
LF153/A/B Wide Bandwidth Dual JFET Op-Amp................... 
LF155/A Low Power Single JFET Op-Amp. ..................... 
LFI56/A High Speed Single JFET Op-Amp. .................... 
LF157/A Very High Speed Single JFET Op-Amp. ................ 
LF247/A/B Wide Bandwidth Quad JFET Op-Amp.................. 
LF251/A/B Wide Bandwidth Single JFET Op-Amp. ................. 
LF253/A/B Wide Bandwidth Dual JFET Op-Amp. .................. 
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Type Page 
Number Number 


LF255 Low Power Single JFET Op-Amp. ..................... 
LF256 High Speed Single JFET Op-Amp. .................... 
LF257 Very High Speed Single JFET Op-Amp. ................ 
LF347/A/B Wide Bandwidth Quad JFET Op-Amp.................. 
LF351/A/B Wide Bandwidth Single JFET Op-Amp. ................. 
LF353/A/B Wide Bandwidth Dual JFET Op-Amp. .................- 


LF355/A 
LF356/A 
LF357/A 
LM101A 
LM108/A 
LMi11 
LM117 
LM118 
LM119 
LM124/A 
LM134 
LM135 
LM139/A 
LM146 
LM148 
LM158/A 
LM193/A 
LM201A 
LM208/A 
LM209 
LM211 
LM217 
LM218 
LM219 
LM223 
LM224/A 
LM234 
LM235 
LM236/A 
LM237 
LM238 
LM239/A 
LM246 
LM248 
LM258/A 
LM2901 
LM2902 
LM2903 
LM2904 
LM293/A 
LM301A 


Low Power Single JFET Op-Amp. ..................... 
High Speed Single JFET Op-Amp. .................4.. 
Very High Speed Single JFET Op-Amp. ................ 
Low Offset Single Bipolar Op-Amp. .................... 
Precision High Gain Single Bipolar Op-Amp. ............ 
Standard Single Bipolar Comparator 

1.2 To 37V Adjustable Voltage Regulator 

High Speed Bipolar Op-Amp. ..................2000005 
High Speed Dual Bipolar Comparator 

Standard Quad Bipolar Op-Amp. .................0000- 
Adjustable Current Source 

Precision Temperature Sensor 

Low Power Low Offset Quad Bipolar Op-Amp. ........... 
Programmable Quad Bipolar Op-Amp. ................. 
Quad UA741 Bipolar Op-Amp. .................200006- 
Low Power Dual Bipolar Op-Amp. ..............-...05. 
Low Power Low Offset Dual Bipolar Comparator 

Low Offset Single Bipolar Op-Amp. .................... 
Precision High Gain Single Bipolar Op-Amp. ............ 
Three Terminal 5V Regulators 

Standard Single Bipolar Comparator 

1.2 To 37V Adjustable Voltage Regulator 

High Speed Bipolar Op-Amp. ............... ee eee eee 
High Speed Dual Bipolar Comparator 

3A-5V Positive Voltage Regulators 

Standard Quad Bipolar Op-Amp. ................20000. 
Adjustable Current Source 

Precision Temperature Sensor 

2.5V Voltage Reference 

1.2 To 37V Adjustable Negative Voltage Regulators 

1.2 To 32V-5A Adjustable Positive Voltage Regulators .... 
Low Power Low Offset Quad Bipolar Op-Amp. ........... 
Programmable Quad Bipolar Op-Amp. ................. 
Quad UA741 Bipolar Op-Amp. ............. 0.00 e eee 
Low Power Dual Bipolar Op-Amp. ..................... 
Low Power Low Offset Quad Bipolar Op-Amp. ........... 
Standard Quad Bipolar Op-Amp. ...............0 020 
Low Power Low Offset Dual Bipolar Comparator 

Low Power Dual Bipolar Op-Amp. ..................... 
Low Power Low Offset Dual Bipolar Comparator 

Low Offset Single Bipolar Op-Amp 
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Type Page 
Number Number 


LM308/A Precision High Gain Single Bipolar Op-Amp. ............ 


LM309 

LM311 

LM317 
LM318 
LM319 
LM323 
LMS324/A 
LM334 
LM335/A 
LM336/B 
LM337 
LM338 
LM339/A 
LM346 
LM348 
LM358/A 
LM393/A 
LM723 
LS204/A/C 
LS404/C 
LS4558N 
M8438A 
M8439 
MC1458 
MC1458] 
MC1488 
MC1489 
MC1489A 
MC1558 
MC33001/A/B 
MC33002/A/B 
MC33004/A/B 
MC3302 
MC3303 
MC34001/A/B 
MC34002/A/B 
MC34004/A/B 
MC3403 
MC35001/A/B 
MC35002/A/B 
MC35004/A/B 
MC3503 
MC4558 
MC45581 
NE532 
NE555 


Three Terminal 5V Regulators 
Standard Single Bipolar Comparator 
1.2 To 37V Adjustable Voltage Regulator 


High Speed Bipolar Op-Amp. ..................00000. 


High Speed Dual Bipolar Comparator 
3A-5V Positive Voltage Regulators 


Standard Quad Bipolar Op-Amp. ................ ce. 


Adjustable Current Source 

Precision Temperature Sensor 

2.5V Voltage Reference 

1.2 To 37V Adjustable Negative Voltage Regulators 


1.2 To 32V-5A Adjustable Positive Voltage Regulators .... 


Low Power Low Offset Quad Bipolar Op-Amp. 
Programmable Quad Bipolar Op-Amp. 
Quad UA741 Bipolar Op-Amp. 

Low Power Dual Bipolar Op-Amp. 

Low Power Low Offset Dual Bipolar Comparator 
High Precision Voltage Regulator 

High Performance Dual Op-Amp. 

High Performance Quad Op-Amp. 

Dual High Performance Op-Amp. 
Serial Input LCD Driver 

Serial Input LCD Driver 

Standard Dual Bipolar Op-Amp. 
Standard Dual Bipolar Op-Amp. 
RS232C Quad Line Driver 

Quad Line Receiver 

Quad Line Receiver 

Standard Dual Bipolar Op-Amp. 
Standard Single JFET Op-Amp. 
Standard Dual JFET Op-Amp. 
Standard Quad JFET Op-Amp. 

Low Power Low Offset Quad Bipolar Op-Amp. 
Low Power Quad Bipolar Op-Amp. 
Standard Single JFET Op-Amp. 
Standard Dual JFET Op-Amp. 
Standard Quad JFET Op-Amp. 

Low Power Quad Bipolar Op-Amp. 
Standard Single JFET Op-Amp. 
Standard Dual JFET Op-Amp. 
Standard Quad JFET Op-Amp. 

Low Power Quad Bipolar Op-Amp. 
Wide Bandwidth Dual Bipolar Op-Amp. 
Wide Bandwidth Dual Bipolar Op-Amp. 


.Low Power Dual Bipolar Op-Amp. 


Single Bipolar Timer 
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Number Number 


NE556 
SA555 
SA556 
SE555 
SE556 
SG1524 
SG1525A 
SG1527A 
$G2524 
SG2525A 
SG2527A 
SG3524 
SG3525A 
SG3527A 
TDA8133 
TDA8134 
TDA8135 
TDA8136 
TDA8137 
TDA8138 
TDA8139 
TDB7910 
TEA5110 
TEA7105 
TEA7605 
TEA7610 
TEA7685 
TEB1033 
TEB4033 
TEC1033 
TEC4033 
TEF1033 
TEF4033 
TLO61/A/B 
TLO611 
TLO61M 
TLO62/A/B 
TLO6211 
TLO62M 
TLO64/A/B 
TLO641 
TLO64M 
TLO71/A/B 
TLO711/B 
TLO71M 
TLO72/A/B 


Dual Bipolar Timer 

Single Bipolar Timer 

Dual Bipolar Timer 

Single Bipolar Timer 

Dual Bipolar Timer 

Regulating Pulse Width Modulator 

Regulating Pulse Width Modulator 

Regulating Pulse Width Modulator 

Regulating Pulse Width Modulator 

Regulating Pulse Width Modulator 

Regulating Pulse Width Modulator 

Regulating Pulse Width Modulator 

Regulating Pulse Width Modulator 

Regulating Pulse Width Modulator 

Low Dropout Dual Voltage Regulator - with Reset & Disable 
Low Dropout Dual Voltage Regulator - with Disable 

Low Dropout Dual Voltage Regulator - with Disable 

Low Dropout Dual Voltage Regulator - with Disable 

Low Dropout Dual Voltage Regulator - with Reset & Disable 
Low Dropout Dual Voltage Regulator - with Reset & Disable 
Low Dropout Dual Voltage Regulator - with Reset & Disable 
Power Single Bipolar Op-Amp. ...............0000 000s 
Low Dropout Dual Voltage Regulator 

Microprocessor Dedicated Voltage Regulator - Watch Dog . 
Low Dropout Voltage Regulator 

Low Dropout Voltage Regulator 

Low Dropout Voltage Regulator 

Low Distorsion & Noise Dual Bipolar Op-Amp. (LS204 Equ.) 
Low Distorsion & Noise Quad Bipolar Op-Amp. (LS404 Equ.) 
Low Distorsion & Noise Dual Bipolar Op-Amp. (LS204 Equ.) 
Low Distorsion & Noise Quad Bipolar Op-Amp. (LS404 Equ.) 
Low Distorsion & Noise Dual Bipolar Op-Amp. (LS204 Equ.) 
Low Distorsion & Noise Quad Bipolar Op-Amp. (LS404 Equ.) 
Low Power Single JFET Op-Amp. ...................5. 
Low Power Single JFET Op-Amp. ..................05- 
Low Power Single JFET Op-Amp. ...............00 eee 
Low Power Dual JFET Op-Amp....................... 
Low Power Dual JFET Op-Amp. ...................055 
Low Power Dual JFET Op-Amp. ..................0005 
Low Power Quad JFET Op-Amp. ...................... 
Low Power Quad JFET Op-Amp. ................000005 
Low Power Quad JFET Op-Amp. .................00005 
Low Noise Single JFET Op-Amp. ..................... 
Low Noise Single JFET Op-Amp. ..................... 
Low Noise Single JFET Op-Amp. ...............00 0 eee 
Low Noise Dual JFET Op-Amp. ....................... 
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Type Page 
Number Number 
TLO721/B Low Noise Dual JFET Op-Amp. ....................0.. 


TLO72M Low Noise Dual JFET Op-Amp. ...................000. 
TLOZ4/A/B: Low Noise Quad JFET Op-Amp. ..................00.8. 
TLO74I/B Low Noise Quad JFET Op-Amp. ..................000. 
TLO74M Low Noise Quad JFET Op-Amp. ....................0. 
TLO81/A/B Standard Single JFET Op-Amp. ............. 0.000 eae 
TLO811/B Standard Single JFET Op-Amp...................0000 
TLO81M Standard Single JFET Op-Amp. ...................000. 
TLO82/A/B Standard Dual JFET Op-Amp. ............. 0.0.00 cee 
TLO82I/B Standard Dual JFET Op-Amp. ............ 0.00 e eee 
TLO82M Standard Dual JFET Op-Amp. ...................0000- 
TLO84/A/B Standard Quad Single JFET Op-Amp. ................. 
TLO841/B Standard Quad JFET Op-Amp.............. 0c. e eee 
TLO84M Standard Quad JFET Op-Amp................. 0.000 ee 
TL7700/A Supply Voltage Supervisors ............... 0.00 c eee 
TS271/A/B Programmable CMOS Single Op-Amp. ................. 
TS2711/A/B Programmable CMOS Single Op-Amp. ...............0. 
TS271M/A/B Programmable CMOS Single Op-Amp. ................. 
TS272/A/B High Speed Dual CMOS Op-Amp. ..................00. 
TS272l/A/B High Speed Dual CMOS Op-Amp. ..................... 
TS272M/A/B High Speed Dual CMOS Op-Amp. ..................... 
TS274/A/B High Speed Quad CMOS Op-Amp..................... 
TS274I/A/B High Speed Quad CMOS Op-Amp. ................008. 
TS274M/A/B High Speed Quad CMOS Op-Amp. .................... 
TS27L2/A/B Low power Dual CMOS Op-Amp. ..................... 
TS27L2/I/A/B Low Power Dual CMOS Op-Amp. ................00005 
TS27L2M/A/B Low Power Dual CMOS Op-Amp. ...............000 eee 
TS27L4/A/B Low Power Quad CMOS Op-Amp. ...............00005 
TS27L41/A/B Low Power Quad CMOS Op-Amp. .................... 
TS27L4M/A/B Low Power Quad CMOS Op-Amp. ...............0005. 
TS27M2/A/B Medium Supply Current Dual CMOS Op-Amp. ........... 
TS27M2i/A/B Medium Supply Current Dual CMOS Op-Amp. ........... 
TS27M2M/A/B Medium Supply Current Dual CMOS Op-Amp. ........... 
TS27M4/A/B Medium Supply Current Quad CMOS Op-Amp........... 
TS27M41/A/B Medium Supply Current Quad CMOS Op-Amp. .......... 
TS27M4M/A/B Medium Supply Current Quad CMOS Op-Amp. .......... 
TS$372 Low Power Dual C-MOS Comparator .................. 
T$372I Low Power Dual CMOS Comparator ................... 
TS372M Low Power Dual CMOS Comparator ................... 
TS374 Low Power Quad CMOS Comparator .................. 
TS374I Low Power Quad CMOS Comparator .................. 
TS374M Low Power Quad CMOS Comparator .................. 
TSGF series Mask Programmable Filters .....................0005. 
TSGSM series Mixed Analog Digital Standard Cells ................... 
UA741C/E Standard Single Bipolar Op-Amp. ..................... 
UA7411 Standard Single Bipolar Op-Amp. ..................... 
UA741M/A Standard Single Bipolar Op-Amp. ..................... 
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Type 
Number 


UA748 Precision Single Bipolar Op-Amp. ..................... 
UA748l Precision Single Bipolar Op-Amp. ..................... 
UA748M Precision Single Bipolar Op-Amp. ..................05. 
UA776 Programmable Single Bipolar Op-Amp. ................. 
UA776l Programmable Single Bipolar Op-Amp. ................. 
UA776M Programmable Single Bipolar Op-Amp. ................. 
UC1840 Programmable, Off-Line, PWM Controller ............... 
UC1842 Current Mode PWM Controller .....................255 
UC1843 Current Mode PWM Controller ......................5. 
UC1844 Current Mode PWM Controller ................000 00 eee 
UC1845 Current Mode PWM Controller ....................0005 
UC2840 Programmable, Off-Line, PWM Controller ............... 
UC2842 Current Mode PWM Controller .................... 0055 
UC2843 Current Mode PWM Controller ....................0055 
UC2844 Current Mode PWM Controller ......................5. 
UC2845 Current Mode PWM Controller .....................00. 
UC3840 Programmable, Off-Line, PWM Controller ............... 
UC3842 Current Mode PWM Controller .....................08. 
UC3843 Current Mode PWM Controller ....................0055 
UC3844 Current Mode PWM Controller ................. 00000 es 
UC3845 Current Mode PWM Controller ...............00 eee eees 
UCN4801A Current Mode PWM Controller .....................0.. 
ULN2001A Seven Darlington Array .... 0.20... 0... ees 
ULN2002A Seven Darlington Array ... 0... 0... eee 
ULN2003A Seven Darlington Array ........0.. 0.00.0. cee ee 
ULN2004A Seven Darlington Array .............0.0... 0.000 cee ee eee 
ULN2064B 50V-1.5A Quad Darlington Switch ...................2.. 
ULN2065B 80V-1.5A Quad Darlington Switch ..................... 
ULN2066B 50V-1.5A Quad Darlington Switch ..................... 
ULN2067B 80V-1.5A Quad Darlington Switch ..................... 
ULN2068B 50V-1.5A Quad Darlington Switch ..................... 
ULN2069B 80V-1.5A Quad Darlington Switch ..................... 
ULN2070B 50V-1.5A Quad Darlington Switch ..................... 
ULN2071B 80V-1.5A Quad Darlington Switch ..................... 
ULN2074B 50V-1.5A Quad Darlington Switch ..................... 
ULN2075B 80V-1.5A Quad Darlington Switch .................0... 
ULN2076B 50V-1.5A Quad Darlington Switch ..................... 
ULN2077B 80V-1.5A Quad Darlington Switch ..................... 
ULN2801A Eight Darlington Array ...............0........ 0000 ee 
ULN2802A Eight Darlington Array ................... 00000000008 
ULN2803A Eight Darlington Array .......... 0.0... 0. ccc ee 
ULN2804A Eight Darlington Array ..........................008. 
ULN2805A Eight Darlington Array ..................0........... 
ULQ2001R Seven Darlington Array ....... 0.00... ccc cee 
ULQ2002R Seven Darlington Array ............ 00.0... cee eee 
ULQ2003R Seven Darlington Array ............... 0.0.0.0 
ULQ2004R Seven Darlington Array ......... 0... ccc cee eee 


Page 
Number 
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CMOS OP-AMPs 


Package 


D: Plastic micropackage 
Description H: Metal can 

J: Cerdip 

N: Plastic dual tn line 


CMOS SINGLE 
TS 271,A,B Programmable zee 


CMOS-DUAL 


TS 27L2,A,B Low Power 
TS 27M2,A,B Medium Supply Current 
TS 272,A,B High Speed 


CMOS-QUAD 


TS 27L4,A,B Low Power 
TS 27M4,A,B Medium Supply Current 
TS 274,A,B High Speed 


JFET OP-AMPs 


JFET SINGLE 


LF 351,A,B Wide Bandwidth 
LF 355,A Low Power 

LF 356,A High Speed 

LF 357,A Very High Speed 
MC 34001,A,B Standard 

TL 061,A,B Low Power 

TL 071,A,B Low Noise 

TL 081,A,B Standard 


aonwmowodwamanan © ow 


JFET DUAL 


LF 353,A,B Wide Bandwidth 
MC 34002,A,B Standard 

TL 062,A,B Low Power 

TL 072,A,B Low Noise 

TL 082,A,B Standard 


JFET-QUAD 


LF 347,A,B Wide Bandwidth 
MC 34004,A,B Standard 

TL 064,A,B Low Power 

TL 074,A,B Low Noise 

TL 084,A,B Standard 


Note: All OP-AMPs are available in 3 Temperature ranges (0°C to 70°C, — 40°C to + 105°C, —55°C to + 125°C) unless otherwise specified. 
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SELECTION GUIDE 


BIPOLAR OP-AMPs 


Package 


D: Plastic micropackage 
Description H: Metal can 

J: Cerdip 

N: Plastic dual in line 


BIPOLAR OP-AMPs 


LMSO01A Low Offset-External Frequency Compensation 
LM 308,A Precision, High Gain 

LM 318 High Speed 

TDB 7910 Power (Temp. Range: 0°C to + 70°C) 

UA 741 Standard 

UA 748 Precision 

UA 776 Programmable 


BIPOLAR DUAL 


LM 358,A Low Power N,D.J,H 
LM 2904 Low Power (Temp. range: — 40°C to + 105°C) N,D,J 
LS 204 High Performance D,H,N 
LS 4558N High Performance (Temp. range: 0°C to + 70°C) D,N 
MC 1458 Standard N,D.J,H 
MC 4558 Wide Bandwidth (Temp. range: 0°C to + 70°C 

-— 40°C to + 105°C) N,D.J,H 


NE 532 Low Power (Temp. range: 0°C to + 70°C) N,D,J 
TEB 1033 Active Filter (LS 204 Equivalent) N,D 


BIPOLAR QUAD 


LM 324,A Standard 

LM 346 Programmable 

LM 348 Quad UA 741 

LM 2902 Standard (Temp. range: —40°C to + 105°C) 
LS 404 High Performance 

MC 3403 Low Power 

TEB 4033 Active Filter - (LS404 Equivalent) 


Note: All OP-AMPs are available in 3 Temperature ranges (0°C to 70°C, — 40°C to + 105°C, — 55°C to + 125°C) unless otherwise specified. 
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THE OP AMP COMPROMISE 


Hereunder you will find a very helpful tool: the ranking of some typical devices regarding 5 important 
parameters: 


e BANDWIDTH 
e SLEW RATE 
e SUPPLY CURRENT 
e INPUT BIAS 
e NOISE 
BANDWIDTH 
GWr (MHz) 0.1 1 2.5 4 5.5 50 
TS27LX TS27MX UA741 TEBX033 TLO7X MC4558 LM318 
MC3403. ~—« LM324 MC1458 = TLO8X 
SLEWRATE 
Syo (V/us) 0.04 0.4 -0.8 1 2.2 5.5 16 70 
TS27LX LM324/UA741 TEBX033 MC4558 TS27X TLO7X LM318 
MC3403/MC 1458 TLO8X 
SUPPLY 
CURRENT 
lec (mA/ampli) 5 2.3 1.7 1.4 0.7 0.5 0.15 0.01 
LM318  MC1458 —-UA741 TLO7X MC4558  LM324. TS27MX TS27LX 
TLO8X  MC3403 TEBX033 
INPUT BIAS 
CURRENT 
Ib (NA) 160 80 50 20 0.3 1pA 
LM318 UA741 TEBX033 LM324 TLOXX TS27X 
TS27L/MX 
NOISE 
Vn (nV/VHz) 70 38 30 18 10 8 
TS27LX TS27MX TS27X TLO7X MC3403 TEBX033 
TLO8X MC4558 
177 SGS-THOMSON 
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SELECTION GUIDE 


COMPARATORS 


Package 


D: Plastic micropackage 


Description H: Metal can 
J: Cerdip 
N: Plastic dual tn line 


CMOS DUAL 


saa ~ittwowr SSSSC~—“‘—~*S*S*~S~S~—~ 


CMOS QUAD 


TS 974 


BIPOLAR SINGLE 


LM 311 Standard fs seeped N,D,J,H 


BIPOLAR DUAL 


LM 393,A Low Power, Low Offset 
LM 319 High Speed 
LM 2903 Low Power, Low Offset (Temp. range: — 40 to + 105°C) 


BIPOLAR QUAD 


LM 339,A Low Power, Low Offset 
LM 2901 Low Power, Low Offset (Temp. range: — 40°C to + 105°C) 
MC 3302 Low Power, Low Offset (Temp. range: —40°C to + 105°C) 


Note’ All comparators are available In 3 Temperature ranges’ (0°C to 70°C, —40°C to +105°C, —55°C to + 125°C) 


SGS- 
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SELECTION GUIDE 


VOLTAGE REGULATORS 


STANDARD POSITIVE 


SSOO DOO OOO ce. 


LM238K TO-3 
LM338K 1.2V < adjustable > 32V TO-3 


KR O 


LM223K TO-3 
LM323K TO-3 


L78S00CV 


2 L78S00CT 
L78SO0T 


LM117K ss (**) 
LM217K — (**) 
LM317K 

LM317T 


L7800CV 
L7800ABV__—(*) 
L7800ACV 


1.2V + adjustable — 37V 


L7800T 


L78MOOABV 
L78MO0CV 
L78MO00CX 
L78M00CS 


LM723CD1 


2.0V <« adjustable > 37V 


(*) —40°C to 125°C (**) —55°C to 150°C 


| STANDARD NEGATIVE | NEGATIVE 


— 
LM237K (*) 
LM337K 
LM337SP 


Regulated Output Voltage (V) 


5 [52] 6 | 8 | 12 | 15 | 18 | 20 | 22 | 


1.2V «+ adjustable > 32V 


Precision 
reat | astase 


TO-3 
TO-3 
TO-220 


L7900ACV 
L7900CV 
L7900CT 


— 40°C to 125°C (**) —55°C to 150°C 
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SELECTION GUIDE 


VOLTAGE REGULATORS (Continued) 


LOW DROP 


el | Transient Protection | Protection Short Reverse Output Voltage 
Type Reset Circuit Voltage 
ine 


PROPRIETARY 


Regulated Output Voltage (V) 
aa Se — 
L296/P 5.1V < adjustable — 40V MULTIWATT 15 
L4960 a 1V < adjustable > 40V HEPTAWATT 
L200CH/CV . PENTAWATT 
L200CT/T i mers ealueay ee ak TO-3 (4 LEAD) 


L4962 5V < adjustable — 40V POWERDIP 
12+2+4+2 


a 
wor | ve] | itn 
a 


(") Dual regulator ("*) Switch-mode 


f MSON 
ae Seri ed 


SELECTION GUIDE 


VOLTAGE REGULATORS (Continued) 


HIGH CURRENT SWITCHING 


Parameters 


Voltage Reference (%) 


Multiwatt 
Be Heptawatt 124+2+2 


SPECIAL FUNCTIONS 


TL7700A Supply voltage supervisors designed for use as reset controllers MINIDIP 


in »P systems. 
During power-up the device test the supply voltage and keeps the 
reset outputs active as long as the supply voltage has non reached 
its nominal voltage value. 

— Vs=83V to 18V 

— Temperature compensated voltage reference 

— Externally adjustable pulse width 


GS- 
Ay7 Szonemones 
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SELECTION GUIDE 


PWM CONTROLLERS 


Fa Ysa a we RY 
1844/1845 
En 
putas SiS ee 
[der Vote taco | e ]e |e |e 
[rus by Fuse Gurentning [|] | e |e 


[snadom temas _———S«d=@ | fe |e | 


@ 
seven Tae ee 
(0.4) (0.4) (1) 
FFeesowars Sd 
a ee RE 
Adjustable Deadtime Control 


f SGS-THOMSO 
Sf | Pea iene 
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SELECTION GUIDE 


PWM CONTROLLERS 


Jom oe | 

2844/2845 
fener de ee 
Puma SSP ee 
[Une vole cic Sidi | pe 


Shutdown Terminal 


4 : 1 
[restos ——SC*=“‘*‘“‘*S*S*dSCSC“‘RTSWSC#*dTSCSC“‘d™® Ye 
[Bil unconmited ups «te || +i 
[sng ented Ouse ————=SCSC=iSC*“‘“(RSSOC#*SSC*d ®t 
From pow Oupas——=Ss~=~‘dSCS*“‘“R#sS*T@# 


Low Current Start-Up 


f SGS-THOMSON 
IF icrogLecrromes 
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SELECTION GUIDE 


PWM CONTROLLERS 


_ | scasaa 
+ 


Voltage Reference (%) | a8 | a2 | 


Operating Temperature: 0 to 70°C 


SG3527A UC3840 


UC3842/3843/ 
3844/3845 


2 
: 
Pitta 
[Under Vonage tockout | | Te 
[Pulse by Pulse Curent imitng | | TC CT 
[Shutdown Terminal | | ce | he Te 


Output Current (A) : 0.2 0.2 
(0.4) (1) 


Feedforward ae 
Max. Oscillator Frequency (KHz) 
Dual Uncommitted Outputs 
Single Ended Output ro 4 


500 


Low Current Start-Up 


0 
| 800 
fe | 
fe sad 
Le 
Ce 
bees 
ar 
LL od 


f SGS-THO 
STi oa aeecr aes 
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SELECTION GUIDE 


nee ARRAYS 


Purpose 
14-25V 
| ov PLASTIC 

6-15V 
5V 

Ca eS 52 ee a 

sea aad MULTIWATT 11 

TTL 
5V 
6-15V 

ae CMOS/PMOS eT nee 
5V 
6-15V 
Purpose 


14-25V PLASTIC 
= AND 


6-15V 

Purpose 

14-25V 

5V DIP-16 
6-15V 


Common emitters. 
Integral suppression diodes. 


Isolated darlingtons. 
Predriver stage. 


kay, SGS-THOMSON 
7 mcnosectromies 
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SELECTION GUIDE 


DARLINGTON ARRAYS 
Type 


ULN2064B 


ULN2065B 


1.5A 6-15V 


ro 
ol 
oO 
< 


ULN2066B 


ULN2067B 80V 1.5A 
ULN2068B 50V 1.5A > @ FH 
ULN2069B B0V > O32.) i 


4 


6-15V 
ULN2070B 50V CMOS/PMOS > eo 
6-15V 
ULN2071B 1.5A CMOS/PMOS > @ HH 
General 
General 
6-15V 
6-15V 
urpose 
14-25V 
ULN2803A osA | 2% Ps 
; TTL/CMOS 
6-15V 
High Output 
@ = Common emitters. a 
> 


Isolated darlingtons. 
+ = Integral suppression diodes. 


+ 


+ 


¥ 


+ 


+ 


PLASTIC 
DIP-18 


= Predriver stage. 


f SGS-THOMSO 
ff SEAL none 
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SELECTION GUIDE 


BIPOLAR TIMERS 


Package 
D: Plastic micropackage 
Type Description H: Metal can 
J: Cerdip 
N: Plastic dual in fine 


ress [ame SSSCSC~—“—~sSCS~“—sS~—~—~—S~s A | 
a 


Note: Times are available in 3 temperature ranges (0°C to + 70°C, —40°C to +105°C, —55°C to + 125°C) unless otherwise specified. 


CMOS TIMERS 


Single 
In development 
Dual 


LINEAR DRIVERS 


L165 Power Op. Amplifier 
L272 Dual Power Op. Amplifier 


L272M Dual Power Op. Amplifier 


L2720 Dual Power Op. Amplifier 
Dula Power Op. Amplifier 


QUAD LINE DRIVERS/RECEIVERS 


Temperature Rise Supply Max 
Type Range Time Current Supply Package 
(°C) (ns) (mA) (V) 


SO-14 
MC1489 D ; 120 25 16 


MC1489 AP 120 25 16 
CERAMIC 
DIP-14 


MC1489 AL 120 25 16 
MC1489 L kas ated et ® 


{yz SGS-THOMSON 
>| | Dene aacranice 
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SELECTION GUIDE 


DATA CONVERSION 


DAC0808 LCN 
DAC0808 LCJ 
DAC0808 D1 


DAC0808 LJ 
DAC0807 LCN 


DAC0807 LCJ 
DAC0807 D1 


DACO0806 LCN 
DACO0806 LCJ 
DAC0806 D1 


MISCELLANEOUS 


LM 335/A 


LM 336/A/B 


L5832 
L6221A/N 


UCN4801A 
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Temperature Package 


range (°C) zi Flg=he mcrppecnave 
: an 
J: Cerdip 
N: Plastic dual in line 


DIP-16 
0 to 75 CERAMIC DIP-16 
SO-16 


— 55 to 125 CERAMIC DIP-16 


DIP-16 
0 to 75 CERAMIC DIP-16 
SO-16 


DIP-16 

0 to 75 CERAMIC DIP-16 
SO-16 

0 to 70 SO-20L 


Adjustable Current Source (Temp. ranges: O°C to 
+ 70°C, —25°C to +100°C, —55°C to +125°C) 


Precision Temperature Sensor (Temp. ranges: — 40°C to 
+ 100°C, —40°C to +125°C, —55°C to + 150°C) 


2.5V Voltage Reference (Temp. ranges: 0°C to + 70°C 


~25°C to +85°C) 


kyy 


SGS-THOMSON 
MICROELECTRONICS 


INDUSTRY 
STANDARD 


AM6012APC 


CA748CT 
CA748T 
DACO806LCJ 
DACO806LCN 
DAC0807LCJ 
DACO0807LCN 
DACO0808LCJ 
DACO808LCN 
DACO808LJ 
DS1488J 
DS1488N 


NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 


NEAREST 
SGS-THOMSON 


TLO84ACN 
TLO84BCN 
TLO84CN 
LM124N 
LM139AJ 
LM139N 
LM139J 
MC1458N 
MC1558N 
LM158N 
LM224N 
LM239AN 
LM239AJ 
LM239N 
LM239J 
LM258N 
LM2901N 
LM2901J 
LM2902N 
LM2904N 
LM301AN 
LM311N 
LM324N 
LM393N 
LM339AN 
LM339AJ 
LM339N 
LM339J 
LM358AN 
LM358N 
NES555N 
UA741CN 
UA741CH 
UA741EN 
UA741H 
UA748CN 
UA748CH 
UA748J 
DACO806LCJ 
DACO806LCON 
DACO807LCJ 
DAC0807LCN 
DACO808LCJ 
DACO808LCN 
DACO808LJ 
MC1488L 
MC1488P 


INDUSTRY 
STANDARD 


DS1489AJ 
DS1489AN 
DS1489J 
DS1489N 
ITT552 
ITT554 
ITT556 
LF255M 
LF255N 
LF256M 
LF256N 
LF257M 
LF257N 
LF347J 
LF347M 
LF347N 
LF347N 
LF351M 
LF351N 
LF351N 
LF353M 
LF353N 
LFS53N 
LF355AM 
LF355AN 
LF355M 
LF355N 
LF355N 
LF356AM 
LF356AN 
LF356M 
LF356N 
LF356N 
LF357AM 
LF357M 
LF357N 
LF357N 
LM101AM 
LM111D 
LM117K 
LM119D 
LM119F 
LM119J 
LM124AJ 
LM124AJ 
LM124D 
LM124F 
LM124J 
LM124J 
LM124J 
LM124N 
LM1398AD 
LM139AF 
LM139AJ 
LM139AJ 


Df rae. 


CROSS REFERENCE 


NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
ITT 

ITT 

ITT 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
MOTOROLA 
NATIONAL 
NATIONAL 
MOTOROLA 
NATIONAL 
NATIONAL 
MOTOROLA 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
MOTOROLA 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
MOTOROLA 
NATIONAL 
NATIONAL 
NATIONAL 
MOTOROLA 
NATIONAL 
NATIONAL 
SIGNETICS 
NATIONAL 
SIGNETICS 
SIGNETICS 
NATIONAL 
NATIONAL 
TEXAS 
SIGNETICS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
MOTOROLA 
NATIONAL 


NEAREST 
SGS-THOMSON 
TYPE 


MC1489AL 
MC1489AP 
MC1489L 
MC1489P 
ULN2001A 
ULN2002A 
ULN2003A 
LF255D 
LF255N 
LF256D 
LF256N 
LF257D 
LF257N 
LF347J 
LF347D 
LF347N 
LF347N 
LF351D 
LF351N 
LF351N 
LF353D 
LF353N 
LF353N 
LF355AD 
LF355AN 
LF355D 
LF355N 
LF355N 
LFS56AD 
LF356AN 
LF356D 
LF356N 
LF356N 
LF357AD 
LF357D 
LF357N 
LF357N 
LM101AD 
LM111D 
LM117K 
LM119D 
LM119J 
LM119J 
LM124AJ 
LM124AJ 
LM124D 
LM124J 
LM124J 
LM124J 
LM124J 
LM124N 
LM139AD 
LM139AJ 
LM139AJ 
LM139AJ 
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CROSS REFERENCE 


INDUSTRY 
STANDARD 


LM139Ad 


LM158AJG 
LM158F 
LM158J 
LM158J 
LM158JG 
LM158N 
LM193AF 
LM193AJ 
LM193AJG 
LM193D 
LM193J 
LM193N 
LM201AD 
LM201AD 
LM201AM 
LM201AN 
LM201AN 
LM201AP 
LM211D 
LM211D 
LM211D 
LM211N 
LM211P 
LM219D 
LM219F 
LM219J 
LM223K 
LM223K 
LM224AD 
LM224AJ 
LM224AJ 
LM224AN 
LM224D 
LM224D 
LM224D 
LM224F 
LM224J 
LM224J 
LM224J 
LM224N 
LM224N 
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MOTOROLA 
NATIONAL 
TEXAS 
SIGNETICS 
NATIONAL 
NATIONAL 
NATIONAL 
MOTOROLA 
NATIONAL 
TEXAS 
NATIONAL 
TEXAS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
SIGNETICS 
SIGNETICS 
NATIONAL 
TEXAS 
SIGNETICS 
NATIONAL 
SIGNETICS 
MOTOROLA 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
TEXAS 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
SIGNETICS 
SIGNETICS 
NATIONAL 
MOTOROLA 


STEEL NATIONAL 


TEXAS 
NATIONAL 
TEXAS 
TEXAS 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
SIGNETICS 
TEXAS 


NEAREST 
SGS-THOMSON 
TYPE 


LM139AJ 
LM139D 
LM139J 
LM139J 
LM139J 
LM139J 
LM139N 
MC1458D 
MC1458N 
LM146J 
LM148J 
LM148J 
LM148J 
LM158AJ 
LM158AJ 
LM158J 
LM158J 
LM158J 
LM158J 
LM158N 
LM193AJ 
LM193AJ 
LM193AJ 
LM193D 
LM193J 
LM193N 
LM201AD 
LM201AD 
LM201AD 
LM201AN 
LM201AN 
LM201AN 
LM211D 
LM211D 
LM211D 
LM211N 
LM211N 
LM219D 
LM219J 
LM219J 
LM223K 
LM223K 
LM224AD 
LM224AJ 
LM224AJ 
LM224AN 
LM224D 
LM224D 
LM224D 
LM224J 
LM224J 
LM224J 
LM224J 
LM224N 
LM224N 


INDUSTRY 
STANDARD 


LM239AJ 
LM239AJ 
LM239AJ 
LM239AN 
LM239AN 
LM239D 

LM239D 


LM258AJG 
LM258D 
LM258D 
LM258F 
LM258JG 
LM258N 
LM258P 
LM2901D 
LM2901D 
LM2901D 
LM2901F 
LM2901J 
LM2901J 
LM2901J 
LM2901M 
LM2901N 
LM2901N 
LM2901N 
LM2901N 
LM2902D 
LM2902D 
LM2902J 
LM2902J 
LM2902J 
LM2902M 
LM2902N 
LM2902N 
LM2902N 
LM2903D 
LM2903D 
LM2903F 
LM2903JG 


SGS- 
Ay7 fieronecmones 


SOURCE 


MOTOROLA 


STEEL NATIONAL 
STEEL NATIONAL 


SIGNETICS 
TEXAS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
SIGNETICS 
TEXAS 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
SIGNETICS 
TEXAS 
NATIONAL 
TEXAS 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
SIGNETICS 
TEXAS 
MOTOROLA 
TEXAS 
MOTOROLA 
NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
TEXAS 
MOTOROLA 
TEXAS 
SIGNETICS 
TEXAS 


NEAREST 
SGS-THOMSON 
TYPE 


LM237K 
LM237K 
LM238K 
LM239AD 
LM239AD 
LM239AJ 


LM2901D 
LM2901D 
LM2901J 
LM291J 
LM2901J 
LM2901J 
LM2901D 
LM2901N 
LM2901N 
LM2901N 
LM2901N 
LM2902D 
LM2902D 
LM2902J 
LM2902J 
LM2902J 
LM2902D 
LM2902N 
LM2902N 
LM2902N 
LM2903D 
LM2903D 
LM2903J 
LM2903J 


INDUSTRY 
STANDARD 


LM301AJ 
LM301AJG 
LM301AM 
LM301AN 
LM301AN 
LM301AP 
LM308AD 
LM308AM 
LM308AN 
LMS308AN 
LM308D 
LM308M 
LM308N 
LM308N 
LM311D 
LM311D 
LM311D 
LM311F 
LM311J 
LM311J-8 
LM311JG 
LM311M 
LM311N 
LM311N 
LM311N 
LM311P 
LM317K 
LM317SP 
LM317T 
LM318D 


SOURCE 


NATIONAL 
MOTOROLA 
NATIONAL 
SIGNETICS 
TEXAS 
MOTOROLA 
TEXAS 
NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
TEXAS 
SIGNETICS 
NATIONAL 
TEXAS 
TEXAS 
SIGNETICS 
NATIONAL 
TEXAS 
NATIONAL 
SIGNETICS 
MOTOROLA 
TEXAS 
MOTOROLA 
NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
TEXAS 
MOTOROLA 
NATIONAL 
MOTOROLA 
NATIONAL 
MOTOROLA 
NATIONAL 
MOTOROLA 
NATIONAL 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
SIGNETICS 
TEXAS 
NATIONAL 
THOMSON 
NATIONAL 
TEXAS 


NEAREST 
SGS-THOMSON 


LM301AJ 
LM301AD 
LM301AN 
LM301AN 
LM301AN 
LM308AD 
LM308AD 
LM308AN 
LMS308AN 
LM308D 
LM308D 
LM308N 
LM308N 
LM311D 
LM311D 
LM311D 
LM311J 
LM311J 
LM311J 
LM311J 
LM311D 
LM311N 
LM311N 
LM311N 
LM311N 
LM317K 
LM317T 
LM317T 
LM318D 


INDUSTRY 
STANDARD 


LM336BZ 
LM336M 
LM336Z 
LM337K 
LM337K 
LM337KC 
LM337T 
LM337T 
LM339AD 
LM339AD 
LM339AF 
LM339AJ 
LM339AJ 
LM339AJ 
LM339AM 
LM339AN 
LM339AN 


AY Soeoneoresmes 


CROSS REFERENCE 


NATIONAL 


NATIONAL 
NATIONAL 
MOTOROLA 


MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
SIGNETICS 
TEXAS 
TEXAS 
NATIONAL 
TEXAS 
NATIONAL 
TEXAS 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
MOTOROLA 


STEEL NATIONAL 


TEXAS 
MOTOROLA 
NATIONAL 
SIGNETICS 
TEXAS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 


NEAREST 
SGS-THOMSON 
TYPE 


LM318D 
LM318N 
LM318N 
LM319D 
LM319J 
LM319J 
LM319D 
LM319N 
LM323K 
LM323K 
LM324AD 
LM324AJ 
LM324AJ 
LM324AJ 
LM324AD 
LM324AN 
LM324AN 
LM324D 
LM324D 
LM324D 
LM324J 
LM324J 
LM324J 
LM324J 
LM324D 
LM324N 
LM324N 
LM324N 
LM324N 
MC3302D 
MC3302J 
MC3302J 
MC3302N 
MC3302N 
MC3303N 
LM334Z 
LM335Z 
LM336BD 
LM336BZ 
LM336D 
LM336Z 
LM337K 
LM337K 
LM337SP 
LM337SP 
LM337SP 
LM339AD 
LM339AD 
LM339AJ 
LM339AJ 
LM339AJ 
LMS339AJ 
LM339AD 
LM339AN 
LM339AN 
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CROSS REFERENCE 


INDUSTRY 
STANDARD 


LM339AN 
LM339AN 
LM339D 
LM339D 
LM339D 
LM339F 
LM339J 
LM339J 
LM339M 
LM339N 
LMS3S9ON 
LM339N 
LM339N 
LM3403J 
LM3403M 
LM3403N 
LM346J 
LM346M 
LM346N 
LM348D 
LM348D 
LM348M 
LM348N 
LM348N 
LM348N 
LM3503J 
LM358AD 
LM358AJG 
LM358AM 
LM358AN 
LM358AP 
LM358D 
LM358D 
LM358D 
LM358F 
LM358J 
LM358J 
LM358JG 
LM358M 
LM358N 
LM358N 
LM358N 
LM358P 
LM393AD 
LM393AF 
LMS393AJ 
LM393AJG 
LM393AN 
LM393AN 
LM393AN 
LM393AP 
LM393D 
LM393D 
LM393D 
LM393F 
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SOURCE 


SIGNETICS 
TEXAS 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 
NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
SIGNETICS 
TEXAS 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
MOTOROLA 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
TEXAS 
NATIONAL 
TEXAS 
TEXAS 
NATIONAL 
NATIONAL 
TEXAS 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 
MOTOROLA 
NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
SIGNETICS 
TEXAS 
TEXAS 
SIGNETICS 
NATIONAL 
TEXAS 
MOTOROLA 
NATIONAL 
SIGNETICS 
TEXAS 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 


NEAREST 
SGS-THOMSON 
TYPE 


LM339AN 
LM339AN 
LM339D 
LM339D 
LM339D 
LM339J 
LM339J 
LM339J 
LM339D 
LM339N 
LM339N 
LM339N 
LM339N 
MC3403J 
MC3403D 
MC3403N 
LM346J 
LM346D 
LM346N 
LM348D 
LM348D 
LM348D 
LM348N 
LM348N 
LM348N 
MC3503J 
LM358AD 
LM358AJ 
LM358AD 
LM358AN 
LM358AN 
LM358D 
LM358D 
LM358D 
LM358J 
LM358J 
LM358J 
LM358J 
LM358D 
LM358N 
LM358N 
LM358N 
LM358N 
LM393AD 
LM393AJ 
LM393AJ 
LM393AJ 
LM393AN 
LM393AN 
LM393AN 
LM393AN 
LM393D 
LM393D 
LM393D 
LM393J 


INDUSTRY 
STANDARD 


LM393J 
LM393JG 
LM393M 
LM393N 
LM393N 
LM393N 
LM393P 
LM393P 
LM555CJ 
LM555CM 
LM555CN 
LM556CJ 
LM556CM 
LM556CN 
LM556J 
LM723CH 
LM723CJ 
LM723CM 
LM723CN 
LM723H 
LM723J 
LM741AH 
LM741AJ 
LM741CH 
LM741CJ 
LM741CM 
LM741CN 
LM741EH 
LM741EN 
LM741H 
LM741J 
LM748CH 
LM748CJ 
LM748CN 
LM748J 
LMC660AIN 
LMC660CN 
LM7805CK 
LM7805CT 
LM7812CK 
LM7812CT 
LM7815CK 
LM7815CT 
LM7905CK 
LM7905CT 
LM7912CK 
LM7912CT 
LM7915CK 
LM7915CT 
MC1408L6 
MC1408L7 
MC1408L8 
MC1408P6 
MC1408P7 
MC1408P8 


keyg SGS-THOM 
>/ i TIGROLLRS Ronee 


NATIONAL 
TEXAS 
NATIONAL 
MOTOROLA 
NATIONAL 
SIGNETICS 
TEXAS 
TEXAS 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 


NEAREST 
SGS-THOMSON 
TYPE 


LM393J 
LM393J 
LM393D 
LM393N 
LM393N 
LM393N 
LM293N 
LM393N 
NE555J 
NE555D 
NE555N 
NE556J 
NES556D 
NES556N 
SE556J 
LM723CH 
LM723CD 
LM723CD 
LM723CN 
LM723H 
LM723J 
UA741AH 
UA741AJ 
UA741CH 
UA741CJ 
UA741CD 
UA741CN 
UA741EH 
UA741EN 
UA741H 
UA741J 
UA748CH 
UA748CJ 
UA748MH 
UA748J 
TS27M4BIN 
TS27M4ACN 
L7805CT 
L7805CV 
L7812CT 
L7812CV 
L7815CT 
L7815CV 
L7905CT 
L7905CV 
L7912CT 
L7912CV 
L7915CT 
L7915CV 
DACO806LCJ 
DACO0807LCJ 
DACO808LCJ 
DACO806LCN 
DACO807LCN 
DACO808LCN 


INDUSTRY 
STANDARD 


MC1455D 
MC1455P1 
MC1455U 
MC1458D 
MC1458D 
MC1458D 
MC1458FE 
MC1458JG 
MC1458N 
MC1458P 
MC1458P 
MC1458U 
MC1488F 
MC1488L 
MC1488N 
MC1488P 
MC1489AF 
MC1489AL 
MC1489AN 
MC1489AP 
MC1489F 
MC1489L 
MC1489N 
MC1489P 
MC1508L8 
MC1558D 
MC1558FE 
MC1558JG 
MC1558N 
MC1558U 
MC1741CD 
MC1741CG 
MC1741CP1 
MC1741CU 
MC1741G 
MC1741U 
MC1748CD 
MC1748BCG 
MC1748CP1 
MC1748CU 
MC1748G 
MC1748U 
MC1776CD 
MC1776CG 
MC1776CP1 
MC1776G 
MC3302D 
MC3302D 
MC3302F 
MC3302L 
MC3302N 
MC3302P 
MC3303D 
MC3303D 
MC3303F 


SOURCE 


MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
MOTOROLA 
MOTOROLA 
PHIL.SIGN. 
MOTOROLA 
PHIL.SIGN. 
MOTOROLA 
PHIL.SIGN. 
MOTOROLA 
PHIL.SIGN. 
MOTOROLA 
PHIL.SIGN. 
MOTOROLA 
PHIL.SIGN. 
MOTOROLA 
MOTOROLA 
SIGNETICS 
SIGNETICS 
TEXAS 
SIGNETICS 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
SIGNETICS 
SIGNETICS 
MOTOROLA 
SIGNETICS 
MOTOROLA 
SIGNETICS 
TEXAS 
SIGNETICS 


NEAREST 


SGS-THOMSON 


TYPE 


NE555D 
NE555N 
NE555J 
MC1458D 
MC1458D 
MC1458D 
MC1458J 
MC1458J 
MC1458N 
MC1458N 
MC1458N 
MC1458J 
MC1488L 
MC1488L 
MC1488P 
MC1488P 
MC1489AL 
MC1489AL 
MC1489AP 
MC1489AP 
MC1489L 
MC1489L 
MC1489P 
MC1489P 
DACO808LJ 
MC1558D 
MC1558J 
MC1558J 
MC1558N 
MC1558J 
UA741CD 
UA741CH 
UA741CN 
UA741CJ 
UA741H 
UA741J 
UA748CD 
UA748CH 
UA748CN 
UA748CJ 
UA748MH 
UA748J 
UA778CD 
UA778CH 
UA776CN 
UA77BMH 
MC3302D 
MC3302D 
MC3302J 
MC3302J 
MC3302N 
MC3302N 
MC3303D 
MC3303D 
MC3303J 


INDUSTRY 
STANDARD 


MC3303J 
MC3303L 
MC3303N 
MC3303N 
MC3303P 
MC34001AP 
MC34001BP 
MC34001P 
MC34002AP 
MC34002BP 
MC34002P 
MC34004AP 
MC34004BP 
MC34004P 
MC3403CF 
MC3403CN 
MC3403D 
MC3403D 
MC3403D 
MC3403J 
MC3403L 
MC3403N 
MC3403P 
MC3456L 
MC3456P 
MC3503F 
MC3503J 
MC3503L 
MC3556L 
MC4558CP1 
MC4558BCU 
MC7805ACT 
MC7805CK 
MC7805CT 
MC7805K 
MC7806ACT 
MC7806CK 
MC7806CT 
MC7806K 
MC7808ACT 
MC7808CK 
MC7808CT 
MC7808K 
MC7812ACT 
MC7812CK 
MC7812CT 
MC7812K 
MC7815ACT 
MC7815CK 
MC7815CT 
MC7815K 
MC7818ACT 
MC7818CK 
MC7818CT 
MC7818K 


CROSS REFERENCE 


SOURCE 


TEXAS 
MOTOROLA 
SIGNETICS 
TEXAS 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
SIGNETICS 
SIGNETICS 
MOTOROLA 
SIGNETICS 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
MOTOROLA 
MOTOROLA 
MOTOROLA 
SIGNETICS 
TEXAS 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 


NEAREST 


SGS-THOMSON 


TYPE 


MC3303J 
MC3303J 
MC3303N 
MC3303N 
MC3303N 
MC34001AN 
MC34001BN 
MC34001N 
MC34002AN 
MC34002BN 
MC34002N 
MC34004AN 
MC34004BN 
MC34004N 
MC3403J 
MC3403N 
MC3403D 
MC3403D 
MC3403D 
MC3403J 
MC3403J 
MC3403N 
MC3403N 
NES5S6J 
NESS6N 
MC3503J 
MC3503J 
MC3503J 
SE556J 
MC4558CN 
MC4558CJ 
L7805ACV 
L7805CT 
L7805CV 
L7805T 
L7806ACV 
L7806CT 
L7806CV 
L7806T 
L7808ACV 
L7808CT 
L7808CV 
L7808T 
L7812ACV 
L7812CT 
L7812CV 
L7812T 
L7815ACV 
L7815CT 
L7815CV 
L7815T 
L7818ACV 
L7818CT 
L7818CV 
L7818T 


-THOMSO 
1p eee 


31 


CROSS REFERENCE 


NEAREST NEAREST 
seta SOURCE SGS-THOMSON erp SGS-THOMSON 
TYPE TYPE 


STANDARD STANDARD 
MC7824ACT |MOTOROLA L7824ACV RV4558P TEXAS MC4558IN 
MC7824CT MOTOROLA L7824CV SA1458D SIGNETICS MC1458!1D 
MC7824K MOTOROLA L7824T SA1458N SIGNETICS MC1458iN 
MC78MO5CT | MOTOROLA L78MO05CV SA4558N SIGNETICS MC4558IN 
MC78MO6CT | MOTOROLA L78MO6CV SA532D SIGNETICS LM2904D 
MC78MO8CT | MOTOROLA L78MO8CV SA532FE SIGNETICS LM2904J 
MC78M12CT | MOTOROLA L78M12CV SA532N SIGNETICS LM2904N 
MC78M15CT | MOTOROLA L78M15CV SA534D SIGNETICS LM2902D 
MC78M1i8CT | MOTOROLA L78M18CV SA534F SIGNETICS LM2902J 
MC78M24CT | MOTOROLA L78M24CV SA534N SIGNETICS LM2902N 


MC7905CK 
MC7905CT 
MC7S908CK 
MC7908CT 
MC7912CK 
MC7912CT 
MC7915CK 
MC7915CT 
MC7918CK 
MC7918CT 
MC7924CK 
MC7924CT 
MC7952CK 
MC7952CT 
NE4558D 
NE4558F 
NE4558N 
NE532D 
NES32F 
NE532N 
NE555D 
NE555D 
NE555F 
NE555JG 
NESSSN 
NE555P 
NE556D 
NE556D 
NES56F 
NES56J 
NESS6N 
NE556N 
NE5601N 
NE5602N 
NE5603N 
NES5604N 
PWM125AK 
PWM125BK 
PWM125CK 
RC1488DC 
RC1489ADC 
RC1489DC 
RC4558D 
RC4558JG 
RC4558P 
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MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
PHIL.SIGN. 
PHIL.SIGN. 
PHIL.SIGN. 
PHIL.SIGN. 
SILICONIX 
SILICONIX 
SILICONIX 
RAYTHEON 
RAYTHEON 
RAYTHEON 
TEXAS 
TEXAS 
TEXAS 


L7905CT 
L7905CV 
L7908CT 
L7908CV 
L7912CT 
L7912CV 
L7915CT 
L7915CV 
L7918CT 
L7918CV 
L7924CT 
L7924CV 
L7952CT 
L7952CV 
MC4558CD 
MC4558CJ 
MC4558CN 
NE532D 
NE532J 
NES32N 
NESS5D 
NE555D 
NE555J 
NE555J 
NESSSN 
NESSSN 
NE556D 
NE556D 
NE556J 
NE556J 
NES56N 
NESS6N 
ULN2001A 
ULN2002A 
ULN2003A 
ULN2004A 
SG1525AJ 
SG2525AJ 
SG3525AJ 
MC1488L 
MC1489AL 
MC1489L 
MC4558CD 
MC4558CJ 
MC4558CN 


ky 


SA555D 
SA555JG 
SA555P 
SA556D 
SA556J 
SA556N 
SA741CN 
SE555F 
SE556J 
SG1524J 
SG1525AJ 
SG1527AJ 
$G2001J 
SG2001N 
SG2002J 
$G2002N 
SG2003J 
SG2003N 
SG2004J 
SG2004N 
SG2524J 
SG2524N 
SG2525AJ 
SG2525AN 
SG2527AJ 
SG2527AN 
SG3524D 
SG3524J 
SG3524N 
SG3525AJ 
SG3525AN 
SG3527AJ 
SG3527AN 
SN75064NE 
SN75065NE 
SN75066NE 
SN75067NE 
SN75068NE 
SN75069NE 
SN75074NE 
SN75075NE 
SN75188J 
SN75188N 
SN75189AN 
SN75189AT 


SGS-THOMSON 
MICROELECTRONICS 


TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 


SIGNETICS 
SIGNETICS 


TEXAS 


SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
PHIL.SIGN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 
SIL.GEN. 


TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 


SA555D 
SA555J 
SA555N 
SA556D 
SA556J 
SA556N 
UA741IN 
SE558J 
SE556J 
$G1524J 
SG1525AJ 
SG1527AJ 
ULQ2001R 
ULN2001A 
ULQ2002R 
ULN2002A 
ULQ2003R 
ULN2003A 
ULQ2004R 
ULN2004A 
SG2524J 
SG2524J 
SG2525AJ 
SG2525AN 
SG2527AJ 
SG2527AN 
S$G3524D 
SG3524J 
SG3524N 
SG3525AJ 
SG3525AN 
SG3527AJ 
SG3527AN 
ULN2064B 
ULN2065B 
ULN2066B 
ULN2067B 
ULN2068B 
ULN2069B 
ULN2074B 
ULN2075B 
MC1488L 
MC1488P 
MC1489AP 
MC1489AL 


INDUSTRY 
STANDARD 


SN75189J 
SN75189N 
TA7504P 
TA75061P 
TA75062F 
TA75062P 
TA75064F 
TA75064P 
TA75064P 
TA7506P 
TA75071F 
TA75071P 
TA75072F 
TA75072P 
TA75074F 
TA75074P 
TA75339F 
TA75339P 
TA75358CF 
TA75358CP 
TA75358F 
TA75358P 
TA75393F 
TA75393P 
TA7540P 
TA75458F 
TA75558F 
TA75558P 
TA7555F 
TA7555P 
TA75902F 
TA75902P 
TBA222 
TBA222B 
TBB741G 
TDAO200SP 
TLO61ACD 
TLO61ACP 
TLO61BCD 
TLO61BCP 
TLO61CD 
TLO61CP 
TLO61ID 
TLO61IP 
TLO62ACP 
TLO62ACPD 
TLO62BCD 
TLO62BCP 
TLO62CD 
TLO62CP 
TLO62ID 
TLO62IP 
TLO64ACD 
TLO64ACN 
TLO64BCD 


SOURCE 


TEXAS 
TEXAS 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
SIEMENS 
SIEMENS 
SIEMENS 
THOMSON 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 


NEAREST 
SGS-THOMSON 
TYPE 


MC1489L 
MC1489P 
UA741CN 
TLO61CN 
TLO62CD 
TLO62CN 
TLO64CD 
TLO64IN 
TLO64CN 
LM301AN 
TLO71CD 
TLO7ICN 
TLO72CD 
TLO72CN 
TLO74CD 
TLO74CN 
LM2901D 
LM2901N 
LM358D 
LM358N 
LM2904D 
LM2904N 
LM2903D 
LM2903N 
UA776IN 
MC1458D 
MC4558CD 
MC4558CN 
NE555D 
NES555N 
LM2902D 
LM2902N 
UA741H 
UA741N 
UA741CD 
L200CV 
TLO61ACD 
TLO61ACN 
TLO61BCD 
TLO61BCN 
TLO61CD 
TLO61CN 
TLO61ID 
TLO61IN 
TLO62ACN 
TLO62ACD 
TLO62BCD 
TLO62BCN 
TLO62CD 
TLO62CN 
TLO62ID 
TLO62IN 
TLO64ACD 
TLO64ACN 
TLO64BCD 


INDUSTRY 
STANDARD 


TLO64BCN 
TLO64CD 
TLO64CN 
TLO64ID 
TLO64IN 
TLO70ACP 
TLO71ACD 
TLO71ACP 
TLO71ACP 
TLO71BCD 
TLO71BCP 
TLO71BCP 
TLO71CD 
TLO71CP 
TLO71CP 
TLO711D 
TLO71IP 
TLO72ACD 
TLO72ACP 
TLO72BCD 
TLO72BCP 
TLO72BCP 
TLO72CD 
TLO72CP 
TLO72CP 
TLO72ID 
TLO72IP 
TLO74ACD 
TLO74ACN 
TLO74ACN 
TLO74BCD 
TLO74BCN 
TLO74BCN 
TLO74CD 
TLO74CN 
TLO74CN 
TLO74ID 
TLO74IN 
TLO81ACD 
TLO81ACP 
TLO81ACP 
TLO81BCD 
TLO81BCP 
TLO81BCP 
TLO81CD 
TLO81CP 
TLO81CP 
TLO81ID 
TLO81IP 
TLO82ACD 
TLO82ACP 
TLO82BCD 
TLO82BCP 
TLO82BCP 
TLO82CD 


f GS-THOMSON 
s/f Sua meeemes 


CROSS REFERENCE 


TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 


NEAREST 
SGS-THOMSON 
TYPE 


TLO64BCN 
TLO64CD 
TLO6G4CN 
TLO64ID 
TLO64IN 
TLO72ACN 
TLO71ACD 
TLO71ACN 
TLO71ACN 
TLO71BCD 
TLO71BCN 
TLO71BCN 
TLO71CD 
TLO71CN 
TLO71ON 
TLO71ID 
TLO71IN 
TLO72ACD 
TLO72ACN 
TLO72BCD 
TLO72BCN 
TLO72BCN 
TLO72CD 
TLO72CN 
TLO72CN 
TLO72ID 
TLO72IN 
TLO74ACD 
TLO74ACN 
TLO74ACN 
TLO74BCD 
TLO74BCN 
TLO74BCN 
TLO74CD 
TLO74CN 
TLO74CN 
TLO74ID 
TLO74IN 
TLO81ACD 
TLO81ACN 
TLO81ACN 
TLO81BCD 
TLO81BCN 
TLO81BCN 
TLO81CD 
TLO81CN 
TLO81CN 
TLO81ID 
TLO81IN 
TLO82ACD 
TLO82ACN 
TLO82BCD 
TLO82BCN 
TLO82BCN 
TLO82CD 
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CROSS REFERENCE 


INDUSTRY 
STANDARD 


TLO82CP 
TLO82CP 
TLO82ID 
TLO82IP 
TLO84ACD 
TLO84ACN 
TLO84ACN 
TLO84BCD 
TLO84BCN 
TLO84BCN 
TLO84CD 
TLO84CN 
TLO84CN 
TLO84ID 
TLO84IJ 
TLO84IN 
TL7702ACP 
TL7705ACP 
TL7709ACP 
TL7712ACP 
TL7715ACP 
TLC271ACD 
TLC271ACP 
TLO271AID 
TLO271AlP 
TLO271BCD 
TLC271BCP 
TLC271BID 
TLC271BiIP 
TLC271CD 
TLO271CP 
TLO2711D 
TLC2711P 
TLC272ACD 
TLC272ACP 
TLC272AID 
TLC272AIP 
TLC272BCD 
TLC272BCP 
TLC272BID 
TLC272BIP 
TLC272CD 
TLO272CP 
TLO2721D 
TLC272|P 
TLC274ACD 
TLC274ACN 
TLO274AID 
TLO274AIP 
TLC274BCD 
TLOC274BCN 
TLC274BID 
TLC274BIP 
TLO274CD 
TLO274CN 
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SOURCE 


MOTOROLA 
MOTOROLA 
TEXAS 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
MOTOROLA 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 


NEAREST 


SGS-THOMSON 


TYPE 


TLO84BCN 
TLO84BCN 
TLO84CD 
TLO84CN 
TLO84CN 
TLO84ID 
TLO84IJ 
TLO84IN 
TL7702ACP 
TL7705ACP 
TL7709ACP 
TL7712ACP 
TL7715ACP 
TS271ACD 
TS271ACN 
TS271AID 
TS271AIN 
TS271BCD 
TS271BCON 
TS271BID 
TS271BIN 
TS271CD 
TS271CN 
TS271ID 
TS2711N 
TS272ACD 
TS272ACN 
TS272AID 
TS272AIN 
TS272BCD 
TS272BCN 
TS272BID 
TS272BIN 
TS272CD 
TS272CN 
TS272ID 
TS2721N 
TS274ACD 
TS274ACN 
TS274AID 
TS274AIN 
TS274BCD 
TS274BCON 
TS274BID 
TS274BIN 
TS274CD 
TS274CN 


ky 


INDUSTRY 
STANDARD 


TLC2741D 
TLC274IN 
TLC27L2ACD 
TLC27L2ACP 
TLO27L2AID 
TLC27L2AIP 
TLC27L2BCD 
TLC27L2BCP 
TLC27L2BID 
TLO27L2BiIP 
TLO27L2CD 
TLO27L2CP 
TLC27L2ID 
TLO27L2iP 
TLC27L4ACD 
TLO27L4ACN 
TLC27L4AID 
TLC27L4AIN 
TLC27L4BCD 
TLO27L4BCN 
TLC27L4BID 
TLO27L4BIN 
TLO27L4CD 
TLO27L4CN 
TLC27L4ID 
TLC27L4IN 
TLC27M2ACD 
TLO27M2ACP 
TLO27M2AID 
TLO27M2AIP 
TLC27M2BCD 
TLC27M2BCP 
TLC27M2BiD 
TLC27M2BIP 
TLC27M2CD 
TLC27M2CP 
TLC27M2!ID 
TLO27M2iP 
TLO27M4ACD 
TLC27M4ACN 
TLC27M4AID 
TLC27M4AIN 
TLC27M4BCD 
TLC27M4BCN 
TLO27M4BID 
TLC27M4BiIN 
TLC27M4CD 
TLC27M4CN 
TLC27M4ID 
TLOC27M4IN 
TLO372CD 
TLCO372CP 
TLC3721D 
TLC372IP 
TLO374CD 


SGS-THOMSON 
MICROELECTROMICS 


SOURCE 


NEAREST 
SGS-THOMSON 
TYPE 


TS2741D 
TS2741N 
TS27L2ACD 
TS27L2ACN 
TS27L2AID 
TS27L2AIN 
TS27L2BCD 
TS27L2BCN 
TS27L2BID 
TS27L2BIN 
TS27L2CD 
TS27L2CN 
TS27L2ID 
TS27L2iN 
TS27L4ACD 
TS27L4ACN 
TS27L4AID 
TS27L4AIN 
TS27L4BCD 
TS27L4BCN 
TS27L4BID 
TS27L4BIN 
TS27L4CD 
TS27L4CN 
TS27L4ID 
TS27L4IN 
TS27M2ACD 
TS27M2ACN 
TS27M2AID 
TS27M2AIN 
TS27M2BCD 
TS27M2BCN 
TS27M2BID 
TS27M2BIN 
TS27M2CD 
TS27M2CN 
TS27M2ID 
TS27M2IN 
TS27M4ACD 
TS27M4ACN 
TS27M4AID 
TS27M4AIN 
TS27M4BCD 
TS27M4BCN 
TS27M4BID 
TS27M4BIN 
TS27M4CD 
TS27M4CN 
TS27M4ID 
TS27M4IN 
TS372CD 
TS3720N 
TS372ID 
TS372IN 
TS374CD 


INDUSTRY 
STANDARD 


TLC374CN 
TLC374ID 
TLCO374IN 
UA124DM 
UA139ADM 
UA139DM 
UA1458RC 
UA1458SC 
UA1458TC 
UA148DM 
UA1558RM 
UA201TC 
UA224DV 
UA224PV 
UA239DV 
UA239PV 
UA239SV 
UA2901DV 
UA2901PV 
UA2902PV 
UA301ASC 
UA301ATC 
UA308ASC 
UA308ATC 
UA308SC 
UA308TC 
UA311SC 
UA311TC 
UA324DC 
UA324PC 
UA324SC 
UA3302DV 
UA3302PV 
UA3302SV 
UA3303DV 
UA3303PV 
UA339DC 
UA339PC 
UA339SC 
UA3403DC 
UA3403PC 
UA3403SC 
UA348PC 
UA3503DM 
UA555SC 
UAS555TC 
UASS56PC 
UA723CFP 
UA741AHM 
UA741ARM 
UA741CD 
UA741CD 
UA741CFE 
UA741CJG 
UA741CN 


TEXAS 
TEXAS 
TEXAS 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
THOMSON 
FAIRCHILD 
FAIRCHILD 
SIGNETICS 
TEXAS 
SIGNETICS 
TEXAS 
SIGNETICS 


NEAREST 


SGS-THOMSON 


TYPE 


TS374CN 
TS374ID 
TS374IN 
LM124J 
LM139AJ 
LM139J 
MC1458J 
MC1458D 
MC1458N 
LM148J 
MC1558J 
LM201AN 
LM224J 
LM224N 
LM239J 
LM239N 
LM239D 
LM2901J 
LM2901N 
LM2902N 
LM301AD 
LM301AN 
LM308AD 
LM308AN 
LM308D 
LM308N 
LM311D 
LM331N 
LM324J 
LM324N 
LM324D 
MC3302J 
MC3302N 
MC3303D 
MC3303J 
MC3303N 
LM339J 
LM339N 
LM339D 
MC3403J 
MC3403N 
MC3403D 
LM348N 
MC3503J 
NE555D 
NESSSN 
NESS6N 
LM723CD 
UA741AH 
UA741AJ 
UA741CD 
UA741CD 
UA741CJ 
UA741CJ 
UA741CN 


kyy 


SGS-TH 


INDUSTRY 
STANDARD 


UA741CP 
UA741EHC 
UA741ETC 
UA741FE 
UA741HC 
UA741HM 
UA741MJG 
UA741N 
UA741RC 
UA741RM 
UA741TC 
UA748CD 
UA748CJG 
UA748CP 
UA748HC 
UA748HM 
UA748MJG 
UA748RC 
UA748RM 
UA748SC 
UA748TC 
UA771ASC 
UA771ATC 
UA771BSC 
UA771BTC 
UA771SC 
UA771TC 
UA772ASC 
UA772ATC 
UA772BSC 
UA772BTC 
UA772SC 
UA772TC 
UA774BPC 
UA774DC 
UA774PC 
UA774SC 
UA776HC 
UA776HM 
UA776SC 
UA776TC 
UC1840J 
UC1840N 
UC1842J 
UC1842N 
UC2840J 
UC2840N 
UC2842J 
UC2842N 
UC3840J 
UC3840N 
UC3842J 
UC3842N 
ULN2001A 
ULN2001AJ 


OMSON 


MICROELECTRONICS 


CROSS REFERENCE 


TEXAS 
FAIRCHILD 
FAIRCHILD 
SIGNETICS 
FAIRCHILD 
FAIRCHILD 
TEXAS 
SIGNETICS 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
TEXAS 
TEXAS 
TEXAS 
FAIRCHILD 
FAIRCHILD 
TEXAS 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
UNITRODE 
UNITRODE 
UNITRODE 
UNITRODE 
UNITRODE 
UNITRODE 
UNITRODE 
UNITRODE 
UNITRODE 
UNITRODE 
UNITRODE 
UNITRODE 
SPRAGUE 
TEXAS 


NEAREST 


SGS-THOMSON 


TYPE 


UA741C0N 
UA741EH 
UA741EN 
UA741J 
UA741CH 
UA741H 
UA741J 
UA741N 
UA741CJ 
UA741CD 
UA7410N 
UA748CD 
UA748CJ 
UA748CN 
UA748CH 
UA748MH 
UA748J 
UA748CJ 
UA748J 
UA748CD 
UA748CN 
TLO71BCD 
TLO7BCN 
TLO71ACD 
TLO71ACN 
TLO71CD 
TLO71CN 
TLO72BCD 
TLO72BCN 
TLO72ACD 
TLO72ACN 
TLO72CD 
TLO72CN 
TLO72ACN 
TLO74CJ 
TLO74CN 
TLO74CD 
UA776CH 
UA776MH 
UA776CD 
UA776CN 
UC1840J 
UC1840N 
UC1842J 
UC1842N 
UC2840J 
UC2840N 
UC2842J 
UC2842N 
UC3840J 
UC3840N 
UC3842J 
UC3842N 
ULN2001A 
ULQ2001R 
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INDUSTRY 
STANDARD 


ULN2001AN 
ULN2001F 
ULN2001N 
ULN2002A 
ULN2002AJ 
ULN2002AN 
ULN2002F 
ULN2002N 
ULN2003A 
ULN2003AJ 
ULN2003AN 
ULN2003F 
ULN2003N 
ULN2004A 
ULN2004AJ 
ULN2004AN 
ULN2004F 
ULN2004N 
ULN2064B 
ULN2064NE 
ULN2065B 
ULN2065NE 
ULN2066B 
ULN2066NE 
ULN2067B 
ULN2067NE 
ULN2068B 
ULN2068NE 
ULN2069B 
ULN2069NE 
ULN2070B 
ULN2071B 
ULN2074B 
ULN2074NE 
ULN2075B 
ULN2075NE 
ULN2076B 
ULN2077B 
ULN2801A 
ULN2802A 
ULN2803A 
ULN2803N 
ULN2804A 
ULN2804N 
ULN2805A 
uA117KM 
uA1488DC 
uA1488PC 
uA1489ADC 
uA1489APC 
uA1489DC 
uA1489PC 
uA723CDP 
uA723CF 
uA723CFP 
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TEXAS 
PHIL.SIGN. 
PHIL.SING. 
SPRAGUE 
TEXAS 
TEXAS 
PHIL.SIGN. 
PHIL.SIGN. 
SPRAGUE 
TEXAS 
TEXAS 
PHIL.SIGN. 
PHIL.SIGN. 
SPRAGUE 
TEXAS 
TEXAS 
PHIL.SIGN. 
PHIL.SIGN. 
SPRAGUE 
TEXAS 
SPRAGUE 
TEXAS 
SPRAGUE 
TEXAS 
SPRAGUE 
TEXAS 
SPRAGUE 
TEXAS 
SPRAGUE 
TEXAS 
SPRAGUE 
SPRAGUE 
SPRAGUE 
TEXAS 
SPRAGUE 
TEXAS 
SPRAGUE 
SPRAGUE 
SPRAGUE 
SPRAGUE 
SPRAGUE 
TEXAS 
SPRAGUE 
TEXAS 
SPRAGUE 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
THOMSON 
PHIL.SIGN. 
THOMSON 


NEAREST 
INDUSTRY 
SGS-THOMSON 
TYPE STANDARD 
ULN2001A uA723CH 
ULQ2001R uA723CJ 
ULN2001A UA723CN 
ULN2002A uA723DC 
ULQ2002R uA723DM 
ULN2002A UA723F 
ULQ2002R uA723MDG 
ULN2002A uA723MH 
ULN2003A uA723MJN 
ULQ2003R uA723PC 
ULN2003A uA7805CK 
ULQ2003R uA7805CKC 
ULN2003A uA7805CSP 
ULN2004A uA7805KC 
ULQ2004R uA7805KM 
ULN2004A uA7805UC 
ULQ2004R uA7806CK 
ULN2004A uA7806CKC 
ULN2064B uA7806CSP 
ULN2064B uA7806KC 
ULN2065B uA7806KM 
ULN2065B uA7806UC 
ULN2066B uA7808CKC 
ULN2066B uA7808KC 
ULN2067B uA7808KM 
ULN2067B uA7808UC 
ULN2068B uA7812CK 
ULN2068B uA7812CKC 
ULN2069B uA7812CSP 
ULN2069B uA7812KC 
ULN2070B uA7812KM 
ULN2071B uA7812UC 
ULN2074B uA7815CK 
ULN2074B uA7815CKC 
ULN2075B uA7815CSP 
ULN2075B uA7815KC 
ULN2076B uA7815KM 
ULN2077B uA7815UC 
ULN2801A uA7818CK 
ULN2802A uA7818CKC 
ULN2803A uA7818CSP 
ULN2803A uA7818KC 
ULN2804A UA7818KM 
ULN2804A uA7818UC 
ULN2805A uA7824CK 
LM117K uA7824CKC 
MC1488L UA7824CSP 
MC1488P UA7824KM 
MC1489AL uA7824UC 
MC1489AP uA78M05CKC 
MC1489L uA78M05UC 
MC1489P uA78M06CKC 
LM723CN uA78M06UC 
LM723CJ uA78M08CKC 
LM723CD uA78M08UC 
ky SGS-THOMSON 
MICROELECTROMICS 


CROSS REFERENCE 


THOMSON 
TEXAS 

PHIL.SIGN. 
FAIRCHILD 
FAIRCHILD 
PHIL.SIGN. 
THOMSON 
THOMSON 
TEXAS 

FAIRCHILD 
THOMSON 
TEXAS 

THOMSON 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
THOMSON 
TEXAS 

THOMSON 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
TEXAS 

FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
THOMSON 
TEXAS 

THOMSON 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
THOMSON 
TEXAS 

THOMSON 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
THOMSON 
TEXAS 

THOMSON 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
THOMSON 
TEXAS 

THOMSON 
FAIRCHILD 
FAIRCHILD 
TEXAS 

FAIRCHILD 
TEXAS 

FAIRCHILD 
TEXAS 

FAIRCHILD 


NEAREST 


SGS-THOMSON 


TYPE 


LM723CH 
LM723CJ 
LM723CN 
LM723CJ 
LM723J 
LM723J 
LM723J 
LM723H 
LM723J 
LM723CN 
L7805CT 
L7805CV 
L7805CV 
L7805CT 
L7805T 
L7805CV 
L7806CT 
L7806CV 
L7806CV 
L7806CT 
L7806T 
L7806CV 
L7808CV 
L7808CT 
L7808T 
L7808CV 
L7812CT 
L7812CV 
L7812CV 
L7812CT 
L7812T 
L7812CV 
L7815CT 
L7815CV 
L7815CV 
L7815CT 
L7815T 
L7815CV 
L7818CT 
L7818CV 
L7818CV 
L7818CT 
L7818T 
L7818CV 
L7824CT 
L7824CV 
L7824CV 
L7824T 
L7824CV 
L78MO5CV 
L78MO05CV 
L78MO6CV 
L78MO6CV 
L78MO08CV 
L78MO0O8CV 


INDUSTRY 
STANDARD 


uA78M12CKC 
uA78M12UC 
uA78M15CKC 
uA78M15UC 
uA78M24CKC 
uA78M24UC 
uA78S05CK 
uA78S05CSP 
uA78SO09CK 
uA78S09CSP 
uA78S12CK 
uA78S12CSP 
uA78S15CK 
uA78S15CSP 
uA7905CK 
uA7905CKC 
uA7905CSP 
uA7905KC 
uA7905UC 
uA7908CKC 
uA7908KC 
uA7908UC 
uA7912CK 
uA7912CKC 
uA7912CSP 
uA7912KC 
uA7912UCF 
uA7915CK 
uA7915CKC 
uA7915CSP 
uA7915KC 
uA7915UC 
uA7918CKC 
uA7924CKC 
uA7952CKC 
uA9665DC 
uA9665PC 
uA9666DC 
uA9666PC 
uA9667DC 
uA9667PC 
uA9668DC 
uA9668PC 
UPC1458C 
UPC1458G 
UPC1555C 
UPC1558C 
UPC156D 
UPC157C 
UPC159D 
UPC251C 
UPC251G 
UPC271C 
UPC271G 
UPC272C 


SOURCE 


TEXAS 
FAIRCHILD 
TEXAS 
FAIRCHILD 
TEXAS 
FAIRCHILD 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
TEXAS 
THOMSON 
FAIRCHILD 
FAIRCHILD 
TEXAS 
FAIRCHILD 
FAIRCHILD 
THOMSON 
TEXAS 
THOMSON 
FAIRCHILD 
FAIRCHILD 
THOMSON 
TEXAS 
THOMSON 
FAIRCHILD 
FAIRCHILD 
TEXAS 
TEXAS 
TEXAS 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
NEC 

NEC 

NEC 

NEC 

NEC 

NEC 

NEC 

NEC 

NEC 

NEC 

NEC 

NEC 


NEAREST 


SGS-THOMSON 


TYPE 


L78M12CV 
L78M12CV 
L78M15CV 
L78M15CV 
L78M24CV 


L78MM24CV 


L78SO5CT 
L78S05CV 
L78S09CT 
L78S09CV 
L78S12CT 
L78S12CV 
L78S15CT 
L78S15CV 
L7905CT 
L7905CV 
L7905CV 
L7905CT 
L7905CV 
L7908CV 
L7908CT 
L7908CV 
L7912CT 
L7912CV 
L7912CV 
L7912CT 
L7912CV 
L7915CT 
L7915CV 
L7915CV 
L7915CT 
L7915CV 
L7918CV 
L7924CV 
L7952CV 
ULQ2001R 
ULN2001A 
ULQ2002R 
ULN2002A 
ULQ2003R 
ULN2003A 
ULQ2004R 
ULN2004A 
MC1458N 
MC1458D 
NESSSN 
MC1558N 
LM208N 
LM201AN 
LM318N 
MC1458IN 
MC14581D 
LM211N 
LM211D 
LM219N 


INDUSTRY 
STANDARD 


UPC272D 
UPC272G 
UPC301AC 
UPC311C 
UPC319G 
UPC324C 
UPC324G 
UPC339C 
UPC339G 
UPC3403C 
UPC3403G 
UPC356C 
UPC357C 
UPC358C 
UPC358G 
UPC393C 
UPC451C 
UPC451D 
UPC452C 
UPC452G 
UPC4558G 
UPC4558N 
UPC4741C 


CROSS REFERENCE 


SOURCE 


NEAREST 
SGS-THOMSON 
TYPE 


LM219J 
LM219D 
LM301AN 
LM311N 
LM319D 
LM324N 
LM324D 
LM339N 
LM339D 
MC3403N 
MC3403D 
LF356N 
LF357N 
LM358N 
LM358D 
LM393N 
LM224N 
LM224J 
MC3303N 
MC3303D 
MC4558CD 
MC4558CN 
LM348N 


TA “THOMSON 
ST Seon CCTROMICS 
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CROSS REFERENCE: BY MANUFACTURER 


INDUSTRY 
STANDARD 


FAIRCHILD 


uA117KM 
UA124DM 
UA139ADM 
UA139DM 
UA1458RC 
UA1458SC 
UA1458TC 
UA148DM 
UA1558RM 
UA201TC 
UA224DV 
UA224PV 
UA239DV 
UA239PV 
UA239SV 
UA2901DV 
UA2901PV 
UA2902PV 
UA301ASC 
UA301ATC 
UA308ASC 
UA308ATC 
UA308SC 
UA308TC 
UA311SC 
UA311TC 
UA324DC 
UA324PC 
UA324SC 
UA3302DV 
UA3302PV 
UA3302SV 
UA3303DV 
UA3303PV 
UA339DC 
UA330PC 
UA339SC 
UA3403DC 
UA3403PC 
UA3403SC 
UA348DC 
UA348PC 
UA3503DM 
UA555SC 
UA555TC 
UA556PC 
uA723DC 
uA723DM 
uA723PC 
UA741AHM 
UA741ARM 
UA741EHC 
UA741ETC 


SOURCE 


FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 


NEAREST 


SGS-THOMSON 


TYPE 


LM117K 
LM124J 
LM139AJ 
LM139J 
MC1458J 
MC1458D 
MC1458N 
LM148J 
MC1558J 
LM201AN 
LM224J 
LM224N 
LM239J 
LM239N 
LM239D 
LM2901J 
LM2901N 
LM2902N 
LM301AD 
LM301AN 
LM308AD 
LM308AN 
LM308D 
LM308N 
LM311D 
LM311N 
LM324J 
LM324N 
LM324D 
MC3302J 
MC3302N 
MC3302D 
MC3303J 
MC3303N 
LM339J 
LM339N 
LM339D 
MC3403J 
MC3403N 
MC3403D 
LM848J 
LM348N 
MC3503J 
NE555D 
NE555N 
NES556N 
LM723CJ 
LM723J 
LM723CN 
UA741AH 
UA741AJ 
UA741EH 
UA741EN 


INDUSTRY 
STANDARD 


UA748HC 
UA748HM 
UA78RC 
UA748RM 
UA748SC 
UA748TC 
UA771ASC 
UA771ATC 
UA771BSC 
UA771BTC 
UA771SC 
UA771TC 
UA772ASC 
UA772ATC 
UA772BSC 
UA772BTC 
UA772SC 
UA772TC 
UA774BPC 
UA774DC 
UA774PC 
UA774SC 
UA776HC 
UA776HM 
UA776SC 
UA776TC 
uA7805KC 
uA7805KM 
uA7805UC 
uA7806KC 
uA7806KM 
uA7806UC 
uA7808KC 
uA7808KM 
uA7808UC 
uA7812KC 
uA7812KM 
uA7812UC 
uA7815KC 
uA7815KM 
uA7815UC 
uA7818KC 
uA7818KM 
uA7818UC 
uA7824KM 
uA7824UC 
uA78MO05UC 
uA78M06UC 
uA78M08UC 


SOURCE 


FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 


NEAREST 


SGS-THOMSON 


TYPE 


UA741CH 
UA741H 
UA741CJ 
UA741J 
UA741CD 
UA741CN 
UA748CH 
UA748MH 
UA748CJ 
UA748J 
UA748CD 
UA748CN 
TLO71BCD 
TLO71BCN 
TLO71ACD 
TLO71ACN 
TLO71CD 
TLO71CN 
TLO72BCD 
TLO72BCN 
TLO72ACD 
TLO72ACN 
TLO72CD 
TLO72CN 
TLO74ACN 
TLO74CJ 
TLO74CN 
TLO74CD 
UA776CH 
UA776MH 
UA776CD 
UA776CN 
L7805CT 
L7805T 
L7805CV 
L7806CT 
L7806T 
L7806CV 
L7808CT 
L7808T 
L7808CV 
L7812CT 
L7812T 
L7812CV 
L7815CT 
L7815T 
L7815CV 
L7818CT 
L7818T 
L7818CV 
L7824T 
L7824CV 
L78MO5CV 
L78MO6CV 
L78M08CV 


{yg SGS-THOMSO 
aa S| | SAR oUC TROIS 


INDUSTRY 
STANDARD 


uA78M12UC 
uA78M15UC 
uA78M24UC 
uA7905KC 
uA7905UC 
uA7908KC 
uA7908UC 
uA7912KC 
uA7912UC 
uA7915KC 
uA7915UC 


MOTOROLA 


LM223K 
LM237K 
LM323K 
LM337K 
LM337T 
LF347N 
LFS51N 
LF353N 
LF355N 
LF356N 
LF357N 
LM124J 
LM139AJ 
LM139J 
LM148J 
LM158J 
LM201AD 
LM201AN 
LM211D 
LM224D 
LM224J 
LM239AJ 
LM239D 
LM239J 
LM258D 
LM2901D 
LM2901J 
LM2901N 
LM2902D 
LM2902J 
LM2902N 
LM2903D 
LM2903N 
LM2904D 
LM2904N 
LM301AD 
LM301AJ 
LM301AN 
LM301AD 
LM308AN 
LM308D 
LM308J 


SOURCE 


FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 


MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 


NEAREST 


SGS-THOMSON 


TYPE 


L78M12CV 
L78M15CV 
L78M24CV 
L7905CT 
L7905CV 
L7908CT 
L7908CV 
L7912CT 
L7912CV 
L7915CT 
L7915CV 


LM223K 
LM237K 
LM323K 
LM337K 
LM337SP 
LF347N 
LF351N 
LF353N 
LF355N 
LF356N 
LF357N 
LM124J 
LM139AJ 
LM139J 
LM148J 
LM158J 
LM201AD 
LM201AN 
LM211D 
LM224D 
LM224J 
LM239J 
LM239D 
LM239J 
LM258D 
LM2901D 
LM2901J 
LM2901N 
LM2902D 
LM2902J 
LM2902J 
LM2903D 
LM2903N 
LM2904D 
LM2904N 
LM301AD 
LM301AJ 
LM301AN 
LM308AD 
LM308AN 
LM308D 
LM308J 


INDUSTRY 
STANDARD 


LM308N 
LM311D 
LM311J 
LM311N 
LM324AJ 
LM324D 
LM324J 
LM324N 
LM339AJ 
LM339AN 
LM339D 
LM339N 
LM348D 
LM348N 
LM358D 
LM358J 
LM358N 
LM393AN 
LM393D 
LM393N 
MC1455D 
MC1455P1 
MC1455U 
MC1458D 
MC1458P1 
MC1458U 
MC1558U 
MC1741CD 
MC1741CG 
MC1741CP1 
MC1741CU 
MC1741G 
MC1741U 
MC1748CD 
MC1748CG 
MC1748CP1 
MC1748CU 
MC1748G 
MC1748U 
MC1776CD 
MC1776CG 
MC1776CP1 
MC1776G 
MC3302D 
MC3302L 
MC3302P_ 
MC3303L 
MC3303P 
MC34001AP 
MC34001BP 
MC34001P 
MC34002AP 
MC34002BP 
MC34002P 
MC34004AP 


SOURCE 


MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 


NEAREST 


CROSS REFERENCE: BY MANUFACTURER 


SGS-THOMSON 


TYPE 


LM308N 
LM311D 
LM311J 
LM311N 
LM324AJ 
LM324D 
LM324J 
LM324N 
LM339AJ 
LM339AN 
LM339D 
LM339N 
LM348D 
LM348N 
LM358D 
LM358J 
LM358N 
LM393AN 
LM393D 
LM393N 
N3555D 
NES555N 
NE555J 
MC1458D 
MC1458N 
MC1458J 
MC1558J 
UA741CD 
UA741CH 
UA741CN 
UA741CJ 
UA741H 
UA741J 
UA748CD 
UA748CH 
UA748CN 
UA748CJ 
UA748MH 
UA748J 
UA776CD 
UA776CH 
UA776CN 
UA776MH 
MC3302D 
MC3302J 
MC3302N 
MC3303J 
MC3303N 
MC34001AN 
MC34001BN 
MC34001N 
MC34002AN 
MC34002BN 
MC34002N 
MC34004AN 


ky SGS-THOMSON 
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CROSS REFERENCE: BY MANUFACTURER 


NEAREST NEAREST 
SGS-THOMSON Meee SOURCE SGS-THOMSON 
TYPE TYPE 


MC34004BN MC7924CK MOTOROLA |L7924CT 
MC34004N MC7924CT MOTOROLA |L7924CV 
MC3403D MC7952CK MOTOROLA |L7952CT 
MC3403J MC7952CT MOTOROLA |L7952CV 
MC3403N TLO7OACP MOTOROLA | TLO72ACN 


INDUSTRY 

STANDARD SOURCE 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 


MC34004BP 
MC34004P 
MC3403D 
MC3403L 
MC3403P 


MC3456L 
MC3456P 
MC3503L 
MC3556L 
MC4558CP 1 
MC4558CU 
MC7805ACT 
MC7805CK 
MC7805CT 
MC7805K 
MC7606ACT 
MC7806CK 
MC7806CT 
MC7806K 
MC7808ACT 
MC7808CK 
MC7808CT 
MC7808K 
MC7812ACT 
MC7812CK 
MC7812CT 
MC7812K 
MC7815ACT 
MC7815CK 
MC7815CT 
MC7815K 
MC7818ACT 
MC7818CK 
MC7818CT 
MC7818K 
MC7824ACT 
MC7824ACT 
MC7824K 
MC78MO05CT 
MC78M08CT 
MC78M08CT 
MC78M12CT 
MC78M15CT 
MC78M18CT 
MC78M24CT 
MC7905CK 
MC7905CT 
MC7908CK 
MC7908CT 
MC7912CK 
MC7912CT 
MC7915CK 
MC7915CT 
MC7918CK 
MC7918CT 


MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 


NE556J 
NESS6N 
MC3503J 
SE556J 
MC4558CN 
MC4558CJ 
L7805ACV 
L7805CT 
L7805CV 
L7805T 
L7606ACV 
L78C6CT 
L7806CV 
L7806T 
L7808ACV 
L7808CT 
L7808CV 
L7808T 
L7812ACV 
L7812CT 
L7812CV 
L7812T 
L7815ACV 
L7815CT 
L7815CV 
L7815T 
L7818ACV 
L7818CT 
L7818CV 
L7818T 
L7824ACV 
L7824CV 
L7824T 
L78MO5CV 
L78MO6CV 
L78MO8CV 
L78M12CV 
L78M15CV 
L78M18CV 
L78M24CV 
L7905CT 
L7905CV 
L7908CT 
L7908CV 
L7912CT 
L7912CV 
L7915CT 
L7915CV 
L7918CT 
L7918CV 


TLO71ACP 
TLO71BCP 
TLO71CP 
TLO72BCP 
TLO72CP 
TLO74ACN 
TLO74BCN 
TLO74CJ 
TLO74CN 
TLO81ACP 
TLO81BCP 
TLO81CP 
TLO82ACP 
TLO82BCP 
TLO82CP 
TLO84ACJ 
TLO84ACN 
TLO84BCJ 
TLO84BCN 
TLO84CJ 
TLO84CN 


LM223K 
LM237K 
LM238K 
LF255M 
LF255N 
LF256M 
LF256N 
LF257M 
LF257N 
LM317K 
LM317T 
LM323K 
LM337K 
LM337T 
LF347J 
LF347M 
LF347N 
LF351M 
LFS51N 
LF353M 
LF353N 
LF355AM 
LF355AN 
LF355M 
LF355N 
LF356AM 
LF356AN 


MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 
MOTOROLA 


NATIONAL 


NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 


TLO71ACN 
TLO71BCN 
TLO71CN 
TLO72BCN 
TLO72CN 
TLO74ACN 
TLO74BCN 
TLO74CJ 
TLO74CN 
TLO81ACN 
TLO81BCN 
TLO81CN 
TLO82ACN 
TLO82BCN 
TLO82CN 
TLO84ACJ 
TLO84ACN 
TLO84BCJ 
TLO84BCN 
TLO84CJ 
TL84CN 


LM223K 
LM237K 
LM238K 
LF255D 
LF255N 
LF256D 
LF256N 
LF257D 
LF257N 
LM317K 
LM317T 
LM323K 
LM337K 
LM337SP 
LF347J 
LF347D 
LF347N 
LF351D 
LF351N 
LF353D 
LF353N 
LF355AD 
LFS55AN 
LF355D 
LF355N 
LF356AD 
LF356AN 


keg SGS-THOMSO 
S/ | Ben) wacInocics 
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INDUSTRY 
STANDARD 


LF356M 
LF356N 
LF357AM 
LF357M 
LF357N 
LM101AM 
LM119J 
LM124AJ 
LM124J 
LM139AJ 
LM139J 
LM1458M 
LM1458N 
LM146J 
LM148J 
LM158AJ 
LM158J 
LM193AJ 
LM193J 
LM201AM 
LM201AN 
LM219J 
LM224AJ 
LM224J 
LM239AJ 
LM239J 
LM246J 
LM2901J 
LM2901M 
LM2901N 
LM2902J 
LM2902M 
LM2902N 
LM2903M 
LM2903N 
LM2904J 
LM2904M 
LM2904N 
LM293AJ 
LM293J 
LM293N 
LM3071AJ 
LM301AM 
LM301AN 
LM308AJ-8 
LM308AM 
LM308AN 
LM308M 
LM308N 
LM311J-8 
LM311M 
LM311N 
LM318M 
LM318N 


SOURCE 


NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 


NEAREST 


SGS-THOMSON 


TYPE 


LF356D 
LF356N 
LF357AD 
LF357D 
LF357N 
LM101AD 
LM119J 
LM124AJ 
LM124J 
LM139AJ 
LM139J 
MC1458D 
MC1458N 
LM146J 
LM148J 
LM158AJ 
LM158J 
LM193AJ 
LM193J 
LM201AD 
LM201AN 
LM219J 
LM224AJ 
LM224J 
LM239AJ 
LM239J 
LM246J 
LM2901J 
LM2901D 
LM2901N 
LM2902J 
LM2902D 
LM2902N 
LM2903D 
LM2903N 
LM2904J 
LM2904D 
LM2904N 
LM293AJ 
LM293J 
LM293N 
LM301AJ 
LM301AN 
LM301AN 
LMS308AJ 
LM308AD 
LM308AN 
LM308D 
LM308N 
LM311J 
LM311D 
LM311N 
LM318D 
LM318N 


INDUSTRY 
STANDARD 


LM319J 
LM319M 
LM319N 
LM324AJ 
LM324AM 
LM324AN 
LM324J 
LM324M 
LM324N 
LM3302J 
LM3302N 
LM3303N 
LM334Z 
LM335Z 
LM336BM 
LM336BZ 
LM336M 
LM336Z 
LM333AJ 
LM339AM 
LM339AN 
LM339J 
LM339M 
LM339N 
LM3403J 
LM3403M 
LM3403N 
LM346J 
LM346M 
LM346N 
LM348M 
LM348N 
LM3503J 
LM358AM 
LM358AN 
LM358J 
LM358M 
LM358N 
LMS393AJ 
LMS3S3AN 
LM393J 
LM393M 
LM393N 
LM555CJ 
LM555CM 
LM555CN 
LM556CJ 
LM556CM 
LM556CN 
LM556J 
LM723CH 
LM723CJ 
LM723CM 
LM723CN 
LM723H 


SOURCE 


NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 


NEAREST 


CROSS REFERENCE: BY MANUFACTURER 


SGS-THOMSON 


TYPE 


LM319J 
LM319D 
LM319N 
LM324AJ 
LM324AD 
LM324AN 
LM324J 
LM324D 
LM324N 
MC3302J 
MC3302N 
MC3303N 
LM334Z 
LM335Z 
LM336BD 
LM336BZ 
LM336D 
LM336Z 
LM339AJ 
LM339AD 
LM339AN 
LM339J 
LM339D 
LM339N 
MC3403J 
MC3403D 
MC3403N 
LM346J 
LM346D 
LM346N 
LM348D 
LM348N 
MC3503J 
LM358AD 
LM358AN 
LM358J 
LM358D 
LM358N 
LM393AJ 
LM393AN 
LM393J 
LM393D 
LM393N 
NE555J 
NE555D 
NES55N 
NE556J 
NE556D 
NE556N 
SE556J 
LM723CH 
LM723CD 
LM723CD 
LM723CN 
LM723H 


f -THOMSON 
S/ i See TTORICS 
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CROSS REFERENCE: BY MANUFACTURER 


NEAREST NEAREST 
INDUSTRY INDUSTRY 
SGS-THOMSON SOURCE SGS-THOMSON 
STANDARD TYPE STANDARD TYPE 
MC3403D 


LM723J NATIONAL LM723J UPC3403G 


LM741AH 
UM741AJ 

LM741CH 
LM741CJ 

LM741CM 
LM7410N 
LM741EH 
LM741EN 
LM741H 


NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 


UA741AH 
UA741AJ 


| UA741CH 


UA741CJ 
UA741CD 
UA741CN 
UA741EH 
UA741EN 
UA741H 


UPC356C 
UPC357C 
UPC358C 
UPC358G 
UPC393C 
UPC451C 
UPC451D 
UPC452C 
UPC452G 


LF356N 
LF357N 
LM358N 
LM358D 
LM393N 
LM224N 
LM224J 
MC3303N 
MC3303D 


UPC4558G MC4558CD 
UPC4558N MC4558CN 
UPC4741C LM348N 
UPC4741G LM348D 


LM741J NATIONAL UA741J 

LM748CH NATIONAL UA748CH 
LM748CJ NATIONAL UA748CJ 
LM748CN NATIONAL UA748CN 


LM748H 
LM748J 
LM7805CK 
LM7805CT 
LM7812CK 
LM7812CT 
LM7815CK 
LM7815CT 
LM7905CK 
LM7905CT 
LM7912CK 
LM7912CT 
LM7915CK 
LM7915CT 
LMC660AIN 
LMC660CN 


UPC1458C 
UPC1458G 
UPC1555C 
UPC1558C 
UPC156D 
UPC157C 
UPC159D 
UPC251C 
UPC251G 
UPC251G 
UPC271C 
UPC271G 
UPC272C 
UPC272D 
UPC272G 
UPC301AC 
UPC311C 
UPC319G 
UPC324C 
UPC324G 
UPC339C 
UPC339G 
UPC3403C 


NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 


UA748MH 
UA748J 
L7805CT 
L7805CV 
L7812CT 
L7812CV 
L7815CT 
L7815CV 
L7905CT 
L7905CV 
L7912CT 
L7912CV 
L7915CT 
L7915CV 


TS27M4BiN 
TS27M4ACN 


MC1458N 
MC1458D 
NESSSN 
NC1558N 
LM208N 
LM201AN 
LM318N 
MC318N 
MC1458IN 
MC14581D 
LM211N 
LM211D 
LM219N 
LM219J 
LM219D 
LM301AN 
LM311N 
LM319D 
LM324N 
LM324D 
LM339N 
LM339D 
MC3403N 


UPC741C 


CA081AE 
CA081BE 
CAO81E 
CA082AE 
CA082BE 
CA082E 
CAO8AE 
CA084BE 
CA084E 
CA124E 
CA139AF 
CA139E 
CA139F 
CA1458E 
CA1558E 
CA158E 
CA224E 
CA239AE 
CA239AF 
CA239E 
CA239F 
CA258E 
CA2901E 
CA2901F 
CA2902E 
CA2904E 
CA301AE 
CA311E 
CA324E 
CA3290E 
CA339AE 
CA339AF 
CA339E 
CA339F 
CA358AE 
CA358E 
CA555E 
CA741CE 


UA741CN 


TLO81ACN 
TLO81BCN 
TLO81C0N 
TLO82ACN 
TLO82BCN 
TLO82CN 
TLO84ACN 
TLO84BCON 
TLO84CN 
LM124N 
LM139AJ 
LM139N 
LM139J 
MC1458N 
MC1558N 
LM158N 
LM224N 
LM239AN 
LM239AJ 
LM239N 
LM239J 
LM258N 
LM2901N 
LM2901J 
LM2902N 
LM2904N 
LM301AN 
LM311N 
LM324N 
LM393N 
LM339AN 
LM339AJ 
LM339N 
LM339J 
LMS358AN 
LM358N 
NE555N 
UA741CN 


SGS-THOMS 
ky mor 
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CA741CT 
CA741E 
CA741T 
CA748CE 
CA748CT 
CA748T 


TBA222 
TBA222B 
TBB741G 


SIGNETICS 


INDUSTRY 
STANDARD 


SOURCE 


SIEMENS 
SIEMENS 
SIEMENS 


UA741CH 


NEAREST 


SGS-THOMSON 


TYPE 


UA741EN 
UA741H 
UA748CN 
UA748CH 
UA748J 


UA741H 
UA74iN 
UA741CD 


INDUSTRY 
STANDARD 


LM319D 
LM319F 
LM324D 
LM324F 
LM324N 
LM339AD 
LM339AF 
LM339AN 
LM339D 
LM339F 
LM339N 
LM358D 
LM358F 


LM111D SIGNETICS LM111D LM358N 
LM119D SIGNETICS LM119D LM3893AF 
LM119F SIGNETICS LM119J LM393AN 
LM124D SIGNETICS LM124D LM393D 
LM124F SIGNETICS LM124J LM393F 
LM124N SIGNETICS LM124N LM393N 
LM139AD SIGNETICS LM139AD MC1458D 
LM139AF SIGNETICS LM139AJ MC1458FE 
LM139D SIGNETICS LM139D MC1458N 
LM139F SIGNETICS LM139J MC1558D 
LM139N SIGNETICS LM139N MC1558FE 
LM158F SIGNETICS LM158J MC1558N 
LM158N SIGNETICS LM158N MC3302D 
LM193AF SIGNETICS LM193AJ MC3302F 
LM193D SIGNETICS LM193D MC3302N 
LM193N SIGNETICS LM193N MC3303D 
LM211D SIGNETICS LM211D MC3303F 
LM211N SIGNETICS LM211N MC3303N 
LM219D SIGNETICS LM219D MC3403CF 
LM219F SIGNETICS LM219J MC3403CN 
LM224D SIGNETICS LM224D MC3403D 
LM224F SIGNETICS LM224J MC3503F 
LM224N SIGNETICS LM224N NE4558D 
LM239D SIGNETICS LM239AD NE4558F 
LM239AF SIGNETICS LM239AJ NE4558N 
LM239AN SIGNETICS LM239AN NE532D 
LM239D SIGNETICS LM239D NE532F 
LM239F SIGNETICS LM239J NE532N 
LM239N SIGNETICS LM239N NE555D 
LM258F SIGNETICS LM258J NE555F 
LM258N SIGNETICS LM258N NE555N 
LM2901D SIGNETICS LM2901D NE556D 
LM2901F SIGNETICS LM2901J NE556F 
LM2901N SIGNETICS LM2901N NE556N 
LM2903F SIGNETICS LM2903J SA1458D 
LM2903N SIGNETICS LM2903N SA1458N 
LM293AF SIGNETICS LM293AJ SA4558D 
_| LM293F SIGNETICS LM293J SA4558N 
LM293N SIGNETICS LM293N SA532D 
LM311D SIGNETICS LM311D SA532FE 
LM311F SIGNETICS LM311J SA532N 
LM311N SIGNETICS LM311N SA534D 
Gy SGS-THOMSON 
4 wcnozectRoMcs 


SOURCE 


SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 


NEAREST 


CROSS REFERENCE: BY MANUFACTURER 


SGS-THOMSON 


TYPE 


LM319D 
LM319J 
LM324D 
LM324J 
LM324N 
LM339AD 
LM339AJ 
LM339AN 
LM339D 
LM339J 
LM339N 
LM358D 
LM358J 
LM358N 
LM393AJ 
LM393AN 
LM393D 
LM393J 
LM393N 
MC1458D 
MC1458J 
MC1458N 
MC1558D 
MC1558J 
MC1558N 
MC3302D 
MC3302J 
MC3302N 
MC3303D 
MC3303J 
MC3303N 
MC3403J 
MC3403N 
MC3403D 
MC3503J 
MC4558CD 
MC4558CJ 
MC4558CN 
NE532D 
NE532J 
NE532N 
NE555D 
NE555J 
NE555N 
NE556D 
NE556J 
NESS6N 
MC14581D 
MC14581IN 
MC4558ID 
MC45581N 
LM2904D 
LM2904J 
LM2904N 
LM2902D 
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CROSS REFERENCE: BY MANUFACTURER 


INDUSTRY 
STANDARD 


SA534F 
SA534N 
SA741CN 
SE556F 
uA723CFP 
uA723CN 
uA723F 
UA741CD 
UA741CFE 
UA741CN 
UA741FE 
UA741N 


TEXAS 


LM124AJ 
LM124J 

-| LM139Ad 
LM139J 
LM14BJ 
LM158AJG 
LM158JG 
LM193AJG 
LM201AD 
LM201AP 
LM211D 
LM211P 
LM224AD 
LM224AJ 
LM224AN 
LM224D 
LM224J 
LM224N 
LM239AD 
LM239AJ 
LM239AN 
LM239D 
LM239J 
LM239N 
LM248D 
LM248N 
LM258AJG 
LM258D 
LM258JG 
LM258P 
LM2901D 
LM2901J 
LM2901N 
LM2902D 
LM2902J 
LM2902N 
LM2903D 
LM2903JG 
LM2S903P 
LM2904D 
LM2904JG 
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SOURCE 


SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 


TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 
TEXAS 


NEAREST 


SGS-THOMSON 


TYPE 


LM2902J 
LM2902N 
UA741IN 
SE556J 
LM723CJ 
LM723CN 
LM723J 
UA741CD 
UA741CJ 
UA741CN 
UA741J 
UA741N 


LM124AJ 
LM124J 
LM139AJ 
LM139J 
LM148J 
LM158AJ 
LM158J 
LM193AJ 
LM201AD 
LM201AN 
LM211D 
LM211N 
LM224AD 
LM224AJ 
LM224AN 
LM224D 
LM224J 
LM224N 
LM239AD 
LM239AJ 
LM239AN 
LM239D 
LM239J 
LM239N 
LM248D 
LM248N 
LM258AJ 
LM258D 
LM258J 
LM258N 
LM2901D 
LM2901J 
LM2901N 
LM2902D 
LM2902J 
LM2902N 
LM2903D 
LM2903J 
LM2903N 
LM2904D 
LM2904J 


ky 


{INDUSTRY 
STANDARD 


LNV:2904P 
LM293AJG 
LM293D 
LM293JG 
LM301AD 
LM301AJG 
LM301AP 
LM311D 
LM311JG 
LM311P 
LM318D 
LM318P 
LM324AD 
LM324AJ 
LM324AN 
LM324D 
LM324J 
LM324N 
LM3302D 
LM3302J 
LM3302N 
LM337KC 
LM339AD 
LM339AJ 
LM339AN 
LM339D 
LM339J 
LM339N 
LM348D 
LM348N 
LM358AD 
LM358AJG 
LM358AP 
LM358D 
LM358JG 
LM368P 
LM393AD 
LM393AJG 
LM393AP 
LM3930 
LM393JG 
LM393P 
LM393P 
MC1458D 
MC1458JG 
MC1458P 
MC1558JG 
MC3303D 
MC3303J 
MC3303N 
MC3403D 
MC3403J 
MC3403N 
MC3503J 
NE555D 


SGS-THOMSON 
MICROELECTRONICS 


NEAREST 


SGS-THOMSON 


TYPE 


LM2904N 
LM293AJ 
LM293D 
LM293J 
LM301AD 
LM301AJ 
LM301AN 
LM311D 
LM311J 
LM311N 
LM318D 
LM318N 
LM324AD 
LM324AJ 
LM324AN 
LM324D 
LM324J 
LM324N 
MC3302D 
MC3302J 
MC3302N 
LM337SP 
LM339AD 
LM339AJ 
LM339AN 
LM339D 
LM339J 
LM399N 
LM348D 
LM348N 
LM358AD 
LM358AJ 
LM358AN 
LM358D 
LM358J 
LM368N 
LM393AD 
LM393AJ 
LM393AN 
LM393D 
LM393J 
LM293N 
LM393N 
MC1458D 
MC1458J 
MC1458N 
MC1558J 
MC3303D 
MC3303J 
MC3303N 
MC3403D 
MC3403J 
MC3403N 
MC3503J 
NE555D 


CROSS REFERENCE: BY MANUFACTURER 


INDUSTRY NEAREST INDUSTRY NEAREST 


STANDARD 


NE555JG 
NES556P 
NE556D 
NE556J 
NES556N 
RCA558D 
RCA558UG 
RC4558P 
RV4558D 
RV4558P 
SA655D 
SA555UG 
SA556P 
SA556D 
SA556J 
SA556N 
SE655JUG 
SE556J 
TLO61ACD 
TLO61ACP 
TLO61BCD 
TLO61BCP 
TLO61CD 
TLO61CP 
TLO611D 
TLO61IP 
TLO62ACP 


TLO62ACPD 


TLO62BCD 
TLO62BCP 
TLO62CD 
TLO62CP 
TLO62ID 
TLO62IP 
TLO64ACD 
TLO64ACN 
TLO64BCD 
TLO648CN 
TLO64CD 
TLO64CN 
TLO64ID 
TLO64IN 
TLO71ACD 
TLO71ACP 
TLO71BCD 
TLO71BCP 
TLO71CD 
TLO71CP 
TLO71ID 
TLO71IP 
TLO72ACD 
TLO72ACP 
TLO72BCD 
TLO72BCP 
TLO72CD 


SGS-THOMSON 

TYPE 
NE555J TLO72CP 
NE555N TLO72ID 
NE556D TLO72IP 
NE556J TLO74ACD 
NES556N TLO74ACN 
MC4558CD TLO74BCD 
MC4558CJ TLO74BCN 
MC4558CN TLO74CD 
MC45581D TLO74CN 
MC45581N TLO74ID 
SA655D TLO74IN 
SA555J TLO81ACD 
SASSEN TLO81ACP 
SA556D TLO81BCD 
SA556J TLO81BCP 
SA556N TLO81CD 
SE665J TLO81CP 
SE556J TLO81ID 
TLO61ACD TLO81ID 
TLO61ACN TLO82ACD 
TLO61BCD TLO82BCD 
TLO61BCN TLO82BCP 
TLO61CD TLO82CD 
TLO61CN TLO82CP 
TLO61ID TLO82ID 
TLO61IN TLO82IP 
TLO62ACN TLO84ACD 
TLO62ACD TLO84ACN 
TLO62BCD TLO84BCD 
TLO62BCN TLO84BCN 
TLO62CD TLO84CD 
TLO62CN TLO8CN 
TLO62ID TLO84ID 
TLO62IN TLO84IN 
TLO64ACD TLO271ACD 
TLO64ACN TLO271ACP 
TLO648CD TLO271AID 
TLO648CN TLOC271AIP 
TLO64CD TLC271BCD 
TLO64CN TLC271BCP 
TLO64ID TLC271BID 
TLO64IN TLO271BIP 
TLO71ACD TLC271CD 
TLO71ACN TLC271CP 
TLO71BCD TLC2711D 
TLO71BCN TLC2711P 
TLO71CD TLC272ACD 
TLO7iCN TLO272ACP 
TLO71ID TLO272AID 
TLO71IN TLO272AIP 
TLO72ACD TLC272BCD 
TLO72ACN TLC272BCP 
TLO72BCD TLC272BID 
TLO72BON TLO272BIP 
TLO72CD TLO272CD 

Ayy Sicpouscracmes 


STANDARD SGS-THOMSON 


TYPE 


TLO72CN 
TLO72ID 
TLO72IN 
TLO74ACD 
TLO74ACN 
TLO74BCD 
TLO74BCN 
TLO74CD 
TLO74CN 
TLO74ID 
TLO74IN 
TLO81ACD 
TLO81ACN 
TLO81BCD 
TLO81BON 
TLO81CD 
TLO81CN 
TLO81ID 
TLO81IN 
TLO82ACD 
TLO82BCD 
TLO82BCN 
TLO82CD 
TLO82CN 
TLO82ID 
TLO82IN 
TLO84ACD 
TLO84ACN 
TLO84BCD 
TLO84BCN 
TLO84CD 
TLO84CN 
TLO84ID 
TLO84IN 
TS271ACD 
TS271ACN 
TS271AID 
TS271AIN 
TS271BCD 
TS271BCN 
TS271BID 
TS271BIN 
TS271CD 
TS271CN 
TS271ID 
TS2711N 
TS272ACD 
TS272ACN 
TS272AID 
TS272AIN 
TS272BCD 
TS272BCN 
TS272BiID 
TS272BIN 
TS272CD 
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CROSS REFERENCE: BY MANUFACTURER 


INDUSTRY 
STANDARD 


TLO272CP 
TLO2721ID 
TLO272lP 
TLC274ACD 
TLO274ACN 
TLC274AID 
TLC274AIP 
TLC274BCD 
TLO274BCN 
TLC274BID 
TLC274BIP 
TLC274CD 
TLC274CN 
TLO274ID 
TLO274IN 
TLC27L2ACD 
TLC27L2ACP 
TLC27L2AID 
TLCO27L2AlP 
TLC27L2BCO 
TLC27L2BCP 
TLC27L2BID 
TLC27L2BIP 
TLO27L2CD 
TLO27L2CP 
TLO27L2D 
TLO27L21P 
TLC27L4ACD 
TLC27L4ACN 
TLO27L4AID 
TLO27L4AIN 
TLO27L4BCD 
TLC27L4BCN 
TLC27L4BID 
TLC27L4BIN 
TLO27L40D 
TLO27L40N 
TLC27L4ID 
TLC27L4IN 
TLC27M2ACD 
TLO27M2ACP 
TLOC27M2AID 
TLO27M2AlP 
TLC27M2BCD 
TLC27M2BCP 
TLC27M2BID 
TLC27M2BiP 
TLOC27M2CD 
TLO27M2CP 
TLO27M2iD 
TLOC27M2IP 
TLC27M4ACD 
TLO27M4ACN 
TLO27M4AID 
TLO27M4AIN 
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SOURCE 


NEAREST , 
SGS-THOMSON 
TYPE 


TS272CN 
TS272ID 
TS272IN 
TS274ACD 
TS274ACN 
TS274AID 
TS274AIN 
TS274BCD 
TS274BCN 
TS274BID 
TS274BIN 
TS274CD 
TS274CN 
TS274ID 
TS274IN 
TS27L2ACD 
TS27L2ACN 
TS27L2AID 
TS27L2AIN 
TS27L2BCD 
TS27L2BCN 
TS27L2B1D 
TS27L2BIN 
TS27L2CD 
TS27L20N 
TS27L2ID 
TS27L2IN 
TS27L4ACD 
TS27L4ACN 
TS27L4AID 
TS27L4AIN 
TS27L4BCD 
TS27L4BCN 
TS27L4BID 
TS27L4BIN 
TS27L4CD 
TS27L4C0N 
TS27L4ID 
TS27L4IN 
TS27M2ACD 
TS27M2ACN 
TS27M2AID 
TS27M2AIN 
TS27M2BCN 
TS27M2BCN 
TS27M2BID 
TS27M2BIN 
TS27M2CD 
TS27M2CN 
TS27M2lD 
TS27M2IN 
TS27M4ACD 


TS27M4ACN - 


TS27M4AID 
TS27M4AIN 


INDUSTRY 
STANDARD 


TLC27M4BCD 
TLC27M4BCN 
TLC27M4BID 
TLC27M4BIN 
TLC27M4CD 
TLC27M4CN 
TLCO27M4ID 
TLCO27M4IN 
TLC372CD 
TLC372CP 
TLC372ID 
TLC372IP 
TLC374CD 
TLO374CN 
TLC374ID 
TLC374IN 
uA723CJ 
uA723MJN 
UA741CD 
UA741CJG 
UA741CP 
UA741MJG 
UA748CD 
UA748CJG 
UA748CP 
UA748MJG 
uA7805CKC 
uA7806CKC 
uA7806CKC 
uA7808CKC 
uA7812CKC 
uA7815CKC 
uA7818CKC 
uA7824CKC 
uA78MO05CKC 
uA78MO06CKC 
uA78MO08CKC 
uA78M12CKC 
uA78M15CKC 
uA78M24CKC 
uA7905CKC 
uA7908CKC 
uA7912CKC 
uA7915CKC 
uA7918CKC 
uA7924CKC 
uA7952CKC 


SOURCE 


NEAREST 
SGS-THOMSON 
TYPE 


TS27M4BCD 
TS27M4BCN 
TS27M4BID 
TS27M4BIN 
TS27M4CD 
TS27M4CN 
TS27M4ID 
TS27M4IN 
TS372CD 
TS372CN 
TS372ID 
TS372IN 
TS374CD 
TS374CD 
TS374ID 
TS374IN 
LM723CJ 
LM723J 
UA741CD 
UA741CJ 
UA741CN 
UA741J 
UA748CD 
UA748CJ 
UA748CN 
UA748J 
L7805CV 
L7806CV 
L7806CV 
L7808CV 
L7812CV 
L7815CV 
L7818CV 
L7824CV 
L78MO5CV 
L78MO6CV 
L78MO08CV 
L78M12CV 
L78M15CV 
L78M24CV 
L7905CV 
L7908CV 
L7912CV 
L7915CV 
L7918CV 
L7924CV 
L7952CV 


THOMSON 


LM317SP 
uA723CFP 
uA78S05CK 
uA78S05CSP 
uA78S09CK 
uA78S09CSP 


IST SGS-THOMSON 


MICROELECTRONICS 


THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 


LM317T 
LM723CD 
L78S05CT 
L78S05CV 
L78SO9CT 
L78SO09CV 


INDUSTRY 
STANDARD SOURCE 
uA78S12CK 
uA78S12CSP 
uA78S15CK 
uA78S15CSP 
uA723CDP 
uA723CFP 
uA723CH 
uA723MDG 
uA723MH 
uA7805CK 
uA7805CSP 
uA7806CK 
uA7806CSP 
uA7812CK 
uA7812CSP 
uA7815CK 
uA7815CSP 
uA7818CK 
uA7818CSP 
uA7824CK 
uA7824CSP 
uA7905CK 
uA7905CSP 
uA7912CK 
uA7912CSP 
uA7915CK 


THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
THOMSON 


uA7915CSP 


TOSHIBA 


TA7504P 
TA75061P 


TOSHIBA 
TOSHIBA 


CROSS REFERENCE: BY MANUFACTURER 


NEAREST 
SGS-THOMSON 
TYPE 


L78S12CT 
L78S12CV 
L78S15CT 
L78S15CV 
LM723CN 
LM723CD 
LM723CH 
LM723J 
LM723H 
L7805CT 
L7805CV 
L7806CT 
L7806CV 
L7812CT 
L7812CV 
L7815CT 
L7815CV 
L7818CT 
L7818CV 
L7824CT 
L7824CV 
L7905CT 
L7905CV 
L7912CT 
L7912CV 
L7915CT 
L7915CV 


TA7555F 
TA7555P 
TA75902F 
TA75902P 


UA741CN 
TLO61CN 


INDUSTRY 
STANDARD 


TA75062F 
TA75062P 
TA75064F 
TA75064P 
TA75064P 
TA7506P 
TA75071F 
TA75071P 
TA75072F 
TA75072P 
TA75074F 
TA75074P 
TA75339F 
TA75339P 
TA75358CF 
TA75358CP 
TA75358F 
TA75358P 
TA75393F 
TA7539P 
TA7540P _ 
TA75458F 
TA75558F 
TA75558P 


TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 


TLO62CD 
TLO64CN 
TLO64CD 
TLO64IN 
TLO64CN 
LM301AN 
TLO71CD 
TLO71CN 
TLO72CD 
TLO72CN 
TLO74CD 
TLO74CN 
LM290ID 
LM2901N 
LM358D 
LM358N 
LM2904D 
LM2904N 
LM2903D 
LM2903N 
UA776IN 
MC1458D 


MC4558CD 
MC4558CN 


f SGS- MSON 
\/ i SrROUEETRontes 


SOURCE 


TOSHIBA 
TOSHIBA 
TOSHIBA 
TOSHIBA 


NEAREST 
SGS-THOMSON 
TYPE 


NE565D 
NES5S5N 
LM2902D 
LM2902N 
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DATASHEETS 


{ SGS-THOMSON AWM6012 
7, MICROELECTROMCS AM6012A 


12-BIT HIGH SPEED D/A CONVERTERS 


= ALL GRADES 12-BIT MONOTONIC OVER 
TEMPERATURE 


= DIFFERENTAL NONLINEARITY TO +0.012% 
(13 BITS) MAX OVER TEMPERATURE 
(A GRADES) 


m 250ns TYPICAL SETTLING TIME 

m FULL SCALE CURRENT 4mA 

= HIGH SPEED MULTIPLYING CAPABILITY 
m TTL/CMOS/ECL/HTL COMPATIBLE cae a 
= HIGH OUTPUT COMPLIANCE: —5V TO + 10V 

m COMPLEMENTARY CURRENT OUTPUTS 
= LOW POWER CONSUMPTION: 230mW PIN CONNECTION 


DESCRIPTION 


The AM6012 is an industry standard monolithic 
12-bit digital-to analog converter. Complementary 
Current output and high speed multiplying capabi- 
lity make the AM6012 useful in a wide range of ap- 
plications such as video displays, process control 
circuitry and fast A/D converters. The 6012 is the 
first D/A to achieve 12-bit differential linearity wi- 
thout the use of thin film resistors or active trim- 
ming. The 6012’s unique circuit design insures 
monotonicity without the precision trimming asso- 
ciated with most other 12-bit DAC architectures. 
The AM6012 is packaged in a 20-pin plastic DIP 
and is SO-20L for surface mounting. Although te- 
sted and specified at + 15V, the AM6012 works well 
over a wide range of power supply voltages. Per- 
formance is essentially independent of supply vol- 
tage over the range of +5 volts, — 12 volts to +18 
volts. The AM6012 series guarantees full 12-bit mo- 
notonicity for all grades and differential nonlinea- 
rity as high as 0.012% (13 bits) for the A grades 
and 0.025% (12 bits) for the standard grades over 
the entire temperature range. 

Guaranteed monotonicity and low cost make the 
AM6012 an ideal choice for high volume applica- 
tions requiring fine local resolution. Typical appli- 
cations include printer graphics and video displays. 
These applications need a minimum of 12 bits of 
resolution, although conformance to an ideal 
straight line from zero to full scale is less important. 


= 


Io 

Io 

-VEE 
COMP. 
VREF (-) 
VREF (+) 
GND/VLC 


2 
3 
4 
5 
6 
vi 
8 
9 


B42-LSB 


= 
oO 
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AM6012-AM6012A 


ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range 0 to 70 
Storage Temperature —65 to + 125 
Power Supply Voltage +18 


Logic Inputs -5 to +18 
Voltage at Current Outputs Pins -~8 to +12 
Reference Inputs +Vs to —VEE +18V 

max Differential 


Reference Input Current 1.25 


CONNECTION DIAGRAM AND ORDERING INFORMATION 


BLOCK DIAGRAM 


LSB 
B4 BS B6 B7 BS BS B10 841 Bia 


es eee ie) #0) <2) ee) 22 
a 5 Oe De 2 Oe oe ee ee 
18 


AM6012 Y | Textaxlexlax| 4x 


Eve fey 
16X| 8X | 4X} eX] 1X] 1x 
REFERENCE 


AMPLIFIER : 
eZ 2A [j2A[|2A}|2aAjj2r}| 2A 
. iS fe ‘Ss ss : f R R R 
CODE SELECTED 
R/2 |} RU AL] AL AL 0444 4444 4444 


Ab012-1 


THERMAL DATA 


Rthj-amb Thermal resistance junction-ambient max 100 °C/W 


2/12 Z 
a IST] eee 


AM6012-AM6012A 


ELECTRICAL CHARACTERISTICS 


These specifications apply for Vg = +15V, VEE = — 15V, IREF=1.0mA, over the operating temperature 
range unless otherwise specified 
AM6012A 


so 


ae a CLS Rae 

[Iuenooney | Cid | |e | | we |e | 
=— [= [= [eal = [= [oes [aes 

D.N.L. neat Deviation from ideal step size 

cae ek a 

Nonlinearity Deviation from ideal straight line em iO 


Vrer = 10.000V 
3.967 | 3.999 | 4.031 | 3.935 | 3.999 | 4.063 


les Full Scale Current R44 =R45 = 10.000k2 
Ta =25°C 
P= as [am | = | ai | a0 fone 
over compliance range 


Rout> 10 megohme typ. eee 
Full Scale 
oy ee Ee be 


‘zg | Zero Zero Scale Current | Current | 0.10 | 10 0.10 | 10 


To +1/2 ee all bits ON or 
'PLH Propagation 50% to 50% 50 nSec 
rigs eee all bits 


Cour | | Output Capacitance Capacitance 

in 5 SN SS 
ovo | feo | = | = | 20 | 

in —icrsom fete TT —Te tT To ta 


Reference Current 
145 Reference Bias —0.5 nA 
Current 


AM6012 


Nonlinearity 


Full Scale Temp.Co. 


D.N.L. Specification guaranteed 


Output Voltage 
Compliance 


« 3/12 
Sere << 
93 


AM6012-AM6012A 


ELECTRICAL CHARACTERISTICS (Continued) 


eras tia ra 
Param, Description Test Conditions min. | Typ. 
Reference Input : ted) = = 8000 


5 =o pene ' 00005 , joo] — £0, 0.0005 +,001 
Pesirss | Supply EE~ 


DPOFS/% 
Sensitivit a ief = 


Power Supply Voyt=0V 


|= | 57 | es | - | 57 | 
Vs = +5V, Veg=-15V 
Pver Sur [= [107 [=o] — [07 
Current 
aa 


V = +15V, Ver = —-15V 


Dissipation 
ee vveonoe [= To Ler] Lo Lo 


Fig. 1 - Relative Accuracy Error Fig. 2 - Example of Nonmonotonic Behavior 


FULL SCALE 


OUTPUT 
CURRENT 


OUTPUT 
CURRENT 
FULL SCALE 


3LSB RELATIVE 
ACCURACY ERROR 


7 DIFFERENTIAL LINEARITY ERRORS SEVERE 
ENOUGH TO CAUSE NONMONOTONICY 


DIGITAL INPUT CODE DIGITAL INPUT CODE 


AG6012-10: 2 DIS AG012-10°: LIB 


4/12 SCS- 
iy ky. eee HOMSON 


APPLICATION INFORMATION 


FUNCTIONAL DESCRIPTION 


The segmented design of the AM6012, shown in 
the block diagram, insures that there are no signi- 
ficant differential nonlinearities in the transfer cha- 
racteristic. The eight major carries of the most 
significant bits are not subject to the gross diffe- 
rential nonlinearities that can occasionally occur 
in an R-2R type DAC. This advantage is due to the 
fundamentally different way that the current is han- 
dled in an AM6012. 

In a conventional R-2R type DAC, when the input 
code is increemented past a major carry, a current 
representing the new code is substituted for the 
sum of all the less significant bit currents that we- 
re previously on. To avoid any nonlinearities, the 
two total currents must be extremely well matched. 
In the case of the MSB major carry in a 12-bit DAC, 
the match must be better than one part in 2048 to 
maintain monotonicity. However, in the AM6012, 
a new current is never substituted for the sum of 
several smaller ones, but redirected through alter- 
nate channels and incremented one step at a time. 
For example, consider the MSB carry in an 
AM6012. In the initial state of 011111111111 as 
shown in the block diagram, the switches in the 
segment generator are set in such a way that cur- 
rents lo, || and la are steered directly into the no- 
ninverting output louT. In addition, a portion of I3 
is directed through the 9-bit DAC that is controlled 
by the 9 least significant bits into lout. With the 
9OLSBs set to ‘‘l’’, all of the I3 current is directed 
to lout except for the 1/512 that goes to ground 
through‘the right-most transistor in the 9-bit DAC. 
After the input word is changed to 100000000000, 
the segment decoder switch for I3 will be all the 
way to the right, the switch for Iq will be in the mid- 
dle, and all the switches in the 9-bit DAC will be 
to the left. lout will be composed of lo, I1, lo and 
I3. None of I4 will be directed into lout until a hi- 
gher code is reached. In other words, I3 is now 
steered directly to louT instead of being divided 
by a factor of 511/512 in the 9-bit DAC. Since no 
major current substitution occurs, there is less 
chance of a large nonlinearity at this transition than 
in a comparable R-2R DAC. 


RELATIVE ACCURACY VS. DIFFERENTIAL NON- 
LINEARITY 


We defines relative accuracy as the maximum de- 
viation of the actual, adjusted DAC output from the 
ideal analog output (a straight line drawn between 
the lowest code output voltage and the highest co- 
de output voltage) for any bit combination. Relati- 
ve accuracy is often referred to as nonlinearity. The 
DAC transfer function shown in Figure 1 has a bow 
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that results in a maximum relative accuracy error 
of 3LSB. This must be distinguished from a diffe- 
rential linearity error. Differential nonlinearity is the 
measure of the variation in analog value, normali- 
zed to full scale, associated with a ILSB change 
in digital input code. 

For example, for a 4mA full scale output, a chan- 
ge of ILSB in digital input code should result in a 
0.98uA change in the analog output current 
(ILSB =4mA x 1/4096 = 0.98,A). If in actual use, 
however, a ILSB change in the input code results 
ina change of only 0.24nA (1/4LSB) in output cur- 
rent, the differential linearity error would be 0.74nA 
or 3/4LSB. 

The AM6012 has very good differential linearity in 
spite of the porr relative accuracy. Conversely, the 
DAC of Figure 1 has very good relative accuracy 
but poor differential linearity. The anomaly in the 
middle of the transfer function is the result of a po- 
sitive differential linearity error followed by a ne- 
gative differential linearity error greater than 1LSB. 
A negative output step for an increase in digital in- 
put code is referred to as nonmonotonic behavior. 
In general, if a DAC has a differential linearity er- 
ror specification greater than 1LSB, it may be non- 
monotonic at one or more of the major carries. In 
most case the worst differential linearity error will 
occur at the MSB transition point. 

As noted in the functional description, the 6012’s 
unique design minimizes differential linearity errors 
at the transition points of the 3MSBs. This results 
in a tight specification on maximum differential non- 
linearity over temperature. Differential linearity is 
verified on all AM6012s with 100% final testing. 
In many converter applications, uniform step size 
(or minimum differential linearity error) is more im- 
portant than conformance to an ideal straight line. 
Twelve-bit onverters are usually needed for high 
resolution rather than high linearity as evidenced 
by the fact that few transducers are more linear 
than 0.1%. This is also true in video graphics, whe- 
re the human eye has difficulty discerning nonli- 
nearity of less than 5%. The AM6012 is especially 
well suited for these applications since it has in- 
herently low differential linearity error. 
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APPLICATION INFORMATION (Continued) 


ANALOG OUTPUT CURRENTS 


Both true and complemented output sink currents 
are provided where Io +lo=IFR. Current appears 
at the “‘true’’ output when a ‘‘1”’ is applied to each 
logic input. As the binary count increases, the sink 
current at pin 18 increases proportionally, in the 
fashion of a ‘‘positive logic’ D/A converter. When 
a ‘‘0”’ is applied to any input bit, that current is tur- 
ned off at pin 18 and turned on at pin 19. A decrea- 
sing logic count increase Io as in a negative or 
inverter logic D/A converter. Both outputs may be 
used simultaneously. If one of the outputs is not 
required it must still be connected to ground or to 
a point capable of sourcing IFR; do not leave an 
unused output pin one. 

Both outputs have an extremely wide voltage com- 
pliance enabling fast direct current-to-voltage con- 
version through a resistor tied to ground or other 
voltage source. Positive compliance is 25V above 
V — and is independent of the positive supply. Ne- 
gative compliance is +10V above V-. 

The dual outputs enable double the usual peak-to- 
peak load swing when driving loads in quasi- 
differential fashion. This feature is especially use- 
ful in cable driving, CRT deflection and in other ba- 
lanced applications such as driving center-tapped 
coils and transformers. 


POWER SUPPLIES 

The AM6012 operates over a wide range of power 
supply voltages from a total supply of 20V to 36V. 
When operating with V— supplies of — 10V or less, 
IREF <1mA is recommended. Low reference cur- 
rent operation decreases power consumption and 
increases negative compliance, reference ampli- 
fier negative common mode range, negative logic 
input range, and negative logic threshold range; 
consult the various figures fro guidance. For exam- 
ple, operation at —9V with IREF=1MmMA is not re- 
commended because negative output compliance 
would be reduced to near zero. Operation from lo- 
wer supplies is possible, however at least 8V total 
must be applied to insure turn-on of the internal 
bias network. 

Symmetrical supplies are not required, as the 
AM6012 is quite insensitive to variations in supply 
voltage. Battery operation is feasible as no ground 
connection is required; however, an artificial ground 
may be used to insure logic swings, etc. remain 
between acceptable limits. 


TEMPERATURE PERFORMANCE 

The nonlinearity and mononicity specifications of 
the AM6012 are guaranteed to apply over the en- 
tire rated operating temperature range. Full scale 


output current drift is flight, typically + 10ppm/°C 
with zero scale output current and drift essentially 
negligible compared to 1/2 LSB. 

The temperature coefficient of the reference resi- 
stor R14 should match and track that of the out- 
put resistor for minimum overall full scale drift. 


SETTLING TIME 


The AM6012 is capable of extremely fast settling 
times, typically 250ns at IREF=1.0mA. Judicious 
circuit design and careful board layout must be em- 
ployed to obtain full performance potential during 
testing and application. The logic switch design 
enables propagation delays of only 25ns for each 
of the 12 bits. Settling time to within 1/2 LSB of the 
LSB is therefore 25ns, with each progressively lar- 
ger bit taking successively longer. The MSB set- 
tles in 250ns, thus determining the overall settling 
time of 250ns. Settling to 10-bit accuracy requires 
about 90 to 130ms. The output capacitance of the 
AM6012 including the package is approximately 
20pF; therefore, the output RC time constant do- 
minates settling time if RL > 5000. 

Settling time and propagation delay are relatively 
insensitive to logic input amplitude and rise and fall 
times, due to the high gain of the logic switches. 
Settling time also remains essentially constant for 
IREF values down to 0.5mA, with gradual increa- 
ses for lower IREF values lies in the ability to at- 
tain a given output level with lower load resistors, 
thus reducing the output RC time constant. 
Measurement of settling time requires the ability 
to accurately resolve + 2yA, therefore a 2.5kQ load 
is needed to provide adequate drive for most oscil- 
loscopes. At IREF values of less than 0.5mA, ex- 
cessive RC damping of the output is difficult to 
prevent while maintaining adequate sensitivity. Ho- 
wever, the major carry from 011111111111 to 
100000000000 provides an accurate indicator of 
settling time. This code change does not require 
the normal 6.2 time constants to settle to within 
+0.1% of the final value, and thus settling times 
may be observed at lower values of IREF. 
AM6012 switching transients or “‘glitches’’ are very 
low and may be further reduced by small capaciti- 
ve loads at the output at a minor sacrifice in set- 
tling time. 

Fastest operation can be octained by using short 
leads, minimizing output capacitance and load re- 
sistor values, and by adequate bypassing at the 
supply, reference, and Vic terminals. Supplies do 
not require large electrolytic bypass Capacitors as 
the supply current drain is independent of input lo- 
gic states; 0.1uF capacitors at the supply pins pro- 
vide full transient protection. 
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APPLICATION INFORMATION (Continued) 


REFERENCE AMPLIFIER SETUP 


The AM6012 is a multiplying D/A converter in which 
the output current is the product of a digital num- 
ber and the input reference current. The referen- 
ce current may be fixed or may vary from nearly 
zero to + 1.0mA. The full range output current is 
a linear function of the reference current and is gi- 
ven by: 


4095 
IRF= ——x4x/iI = 3.999 IREF, 
RF ane (IREF) REF 


where IREF=114 


In positive reference applications, an external po- 
sitive reference voltage forces current through R14 
into the VREF(+) terminal (pin 14) of the reference 
amplifier. Alternatively, a negative reference may 
be applied to VREF(_) at pin 15. Reference current 
flows from ground through R14 into VREF( +) as in 
the positive reference case. This negative reference 
connection has the advantage of a very high im- 
pedance presented at pin 15. The voltage at pin 
14 is equal to and tracks the voltage at pin 15 due 
to the high gain of the internal reference amplifier. 
R15 (nominally equal to R14) is used to cancel bias 
current errors. (Figure 3). 

Bipolar references may be accommodated by off- 
setting VREF or pin 15. The negative common- 
mode range of the reference amplifier is given by: 
Vom— =V- plus (IREF x 3kQ) plus 1.8V. The po- 
sitive common-mode range is V+ less 1.23V. 
When a DC reference is used, a reference bypass 
Capacitor is recommended. A 5.0V TTL logic sup- 
ply is not recommended as a reference. If a regu- 
lated power supply is used as a reference, R14 
should be split into two resistors with the junction 
bypassed to ground with a 0.1pF capacitor. 

For most applications the tight relationship between 
IREF and Irs will eliminate the need for trimming 
~ lReEF. If required, full scale trimming may be ac- 
complished by adjusting the value of R14, or by 
using a potentiometer for R14. 


MULTIPLYING OPERATION 

The AM6012 provides excellent multiplying perfor- 
mance with an extremely linear relationship bet- 
ween Irs and IREF over a range of 1mA to 1A. 
Monotonic operation is maintained over a typical 
range of IREF from 100zA to 1.0mA. 
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REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 

AC reference applications will require the referen- 
ce amplifier to be compensated using a capacitor 
from pin 16 to V—. The value of this capacitor de- 
pends on the impedance presented to pin 14. For 
R14 values of 1.0, 2.5 and 5 OkQ; minimum values 
of Cc are 5, 12 and 25 pF. Larger values of R14 
require proportionately increased values of Cc for 
proper phase margin (See Figure 4 and 5). 

For fastest response to a pulse, low values of R14 
enabling small Cc values should be used. If pin 14 
is driven be a high impedance such as a transistor 
current source, none of the above values will suf- 
fice and the amplifier must be heavily compensa- 
ted which will decrease overall compensated which 
will decrease overall bandwidth and slew rate. For 
R14=1kQ and Cc=5pF, the reference amplifier 
slews at 4mA/ms enabling a transition from 
IREF=0 to IREF= 1mA in 250ns. 

Operation with pulse inputs to the reference am- 
plifier may be accommodated by an alternate com- 
pensation scheme. This technique provides lowest 
full scale transition times. An internal clamp allows 
quick recovery of the reference amplifier from a cu- 
toff (IREF = 0) condition. Full scale transition (0 to 
1mA) occurs in 62.5ns when the equivalent impe- 
dance at pin 14 is 8009 and Cc=0. This yields a 
reference slew rate of 8mA/us which is relatively 
independent of RIN and Vin values. 


LOGIC INPUTS 


The AM6012 design incorporates a unique logic in- 
put circuit which enables direct interface to all po- 
pular logic families and provides maximum noise 
immunity. This feature is made possible by the lar- 
ge input swing capability, 40nA logic input current, 
and completely adjustable logic inputs may swing 
between —5 and +10V. 

This enables direct interface with + 15V CMOS lo- 
gic, even when the AM6012 is powered froma +5V 
supply. Minimum input logic swing and minimum 
logic threshold may be adjusted over a wide range 
by placing an appropriate voltage at the logic thre- 
shold control pin (pin 18, Vic). For TTL interface, 
simply ground pin 13. When interfacing ECL, an 
IREF < 1mMA is recommended. For interfacing 
other logic families, see block titled “‘Interfacing 
with Various Logic Families’. For general setup of 
the logic control circuit, it should be noted that pin 
13 will sink 1.1mA typical, external circuitry should 
be designed to accommodate this current (Figure 6). 


: 7/12 
Lyf, Sieoueeoncs 


57 


AM6012-AM6012A 


Fig. 3 - Reference amplifier biasing 
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0-43]. 22 UF TANT. 
— (NOTE 5) 


A6012-8; ° LIB 


Lo Impedance Partin ray 
Hi Impedance Bipolar Ni oer 


| Pulsed Reference (Note 4). Reference (Note | Pulsed Reference (Note 4). ees | No Cap | Cap | (VR+/R14) +(ViN/RIN) 


Notes: 

1. The compensation capacitor a function of the impedance seen at the + Vref input and must be at least 5pF x Ry 4(eq) 
in kQ. For Ry4< 8002 no capacitor is necessary. 

. For negative. values of Vin, Vpa/Ri4 must be greater than —Vjjyj Max/Rjy so that the amplifier is not turned off. 

. For positive values of Vin, Vax must be greater than Vij Max so the amplifier is not turned off. 

. For pulsed operation, Va, provides a DC offset and may be set to zero in some cases. The impedance at pin 14 
should be 8000 or less. 

. For optimum settling time, decouple V - with 200 and bypass with 22uF tantulum capacitor. 

. Reference current and reference resistor - there is a 1 to 4 schale factor between the reference current (IRer) and 
the full scale output current (Irs). If VRef = +10V and Ips=4mA, the value of the Ry4q is: 


am oO ON 


4x10 Volt 
Ry4=———— _ = 10k2: ~Ry4=Ris5 
4mA 
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Fig. 4 - Minimum size compensation capacitor 
(IFs=4mA, Iperf = 1.0MA) 
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Note: A 0.01 »F capacitor is recommended for fixed reference operation. 


Fig. 6 - Interfacing Circuits 
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Fig. 5 - Reference Amplifier Frequency response 
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Fig. 7 - Accomodating Bipolar Reference 


AM6012 


IREF > PEAK NEGATIVE SWING OF Tin 


Io 
RREF 14 18 


VREF (+) O— O 
AM6O012 
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45 19 


a VIN Io 
HIGH INPUT 


IMPEDANCE 


VREF (+) MUST BE ABOVE PEAK POSITIVE SWING OF VIN 
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Fig. 8 - AM6012 Logic Inputs 


R14 = 
4 


ROFF = 


Unipolar 


Symmetrical 
Offset 


Offset with 
True Zero 


VREF 
.OmA 


VREF 
2.0mA 


OPTIONAL 


AL4 
40 KOhm 


Ais 
10 KOhm 


(SEE CODE TABLE) 


Straight bynary 
one polarity 
with true input 
code, true zero 
output. 


Complementary 
binary one 
polarity with 
complementary 
input code, true 
zero output 


Straight offset 
binary, offset 
half scale, sym- 
metrical about 
zero, no true 
zero output 


1's complement 
offset half scale 
symmetrical 
about zero, no 
true zero output 
MSB comple- 
mented (need 
inverter at B1) 


Offset binary, 
offset half 
scale, true zero 
output 


2's complement 
offset half scale 
true zero output 
MSB comple- 
mented (need 
inverter at B1) 


R1=R3= 2 5K 
R2=1 25K 


“g 
R1=R2=5K 


VAEF (-) 


5 KOhm 


VREF (+) 


AM601e2 


B4 


LSB 


Positive full scale 
Positive full scale-LS8 
Zero scale 


Positive full scale 
Positive full scale-LSB 
Zero scale 


Positive full scale 
Positive full scale-LSB 
(+) Zero scale 

(-) Zero scale 

Negative full scale-LSB 
Negative full scale 


Positive full scale 
Positive full scale-LSB 
(+) Zero scale 

(-) Zero scale 

Negative full scale-LSB 
Negative full scale 


Positive full scale 
Positive full scale-LSB 
+LSB 

Zero Scale 

-LSB 


Negative full scale+LSB 


Negative full scale 


Positive full scale 
Positive full scale-LSB 


Negative full scale+LSB 


Negative full scale 


ADDITIONAL CODE MODIFICATIONS 
1. Any of the offset binary codes may be complemented by reversing the output terminal pair. 
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Fig. 9 - Basic Negative Reference Operation Fig. 10 - Recommended Full-scale Adjustment Circuit 
RREF 
AREF 1g i VREF Io 
[- *) O 
AM6012 + SV 
VAEF (-) O ea O 
15 19 


Rid Io 


Fig. 11 - CRT Display Driver 


+120V DCO 


"X" INPUT | "Y" INPUT 


A6012-5. - LI 


Fig. 12 - 12-BIT High-Speed A/D Converter 
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Fig. 13 - Interface with 8-bit Microprocessor Bus 
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Fig. 14 - Interface with digital signal processor TS68930/31 
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gw RELATIVE ACCURACY: +0.19% ERROR MA- 
XIMUM (DAC0808) 


m FULL SCALE CURRENT MATCH: +1LSB TYP 


=» 7 AND 6-BIT ACCURACY AVAILABLE 
(DAC0807, DACO806) 


m FAST SETTING TIME: 150 ns TYP 


mw NONINVERTING DIGITAL INPUTS ARE TTL 
AND CMOS COMPATIBLE 


g HIGH SPEED MULTIPLYING INPUT SLEW RA- 
TE: 8 mA/ps 


mw POWER SUPPLY VOLTAGE RANGE: +4.5V 
to +18V 


mw LOW POWER CONSUMPTION: 33 mW @ +5V 


DESCRIPTION 


The DACO808 series is an 8-bit monolithic digital- 
to-analog converter (DAC) featuring a full scale out- 
put current settling time of 150 ns while dissipa- 
ting only 33 mW with + 5V supplies. No reference 
current (IREF) trimming is required for most appli- 
cations since the full scale output current is typi- 
cally +1 LSB of 255 IREF/256. Relative accuracies 
of better than 0.19% assure 8-bit monotonicity and 
linearity while zero level output current of less than 
4 »A provides 8-bit zero accuracy for IREF=2 mA. 
The power supply currents of the DACO808 series 
are independent of bit codes, and exhibits essen- 
tially constant device characteristics over the en- 
tire supply voltage range. 


The DAC0808 will interface directly with popular 
TTL, or CMOS logic levels, and is a direct repla- 
cement for the MC1508/MC1408. 


June 1988 


DAC0808 
DAC0807 
DAC0806 


8-BIT D/A CONVERTERS 


DIP-16 Plastic (0.25) SO-16J 
and Ceramic 


PIN CONNECTION 


DACOB0E-13 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 

Vs 

VEE 
Digital Input Voltage V5-—V12 
Reference Current, 114 


Reference Amplifier Inputs, V14, V15 


Operating Temperature Range 
DACO808L —55°C<Tas +125 
DACO808LC/D1 0<Tas+/75 


Storage Temperature Range —65°C to +150 


ORDERING INFORMATION 


range DIP-16 DIP-16 
es a 


BLOCK DIAGRAM 


Rin 8 
SWITCHES + - 


GREEN INENY 


DACOEOE-1 


THERMAL DATA 


Ceramic 
DIP-16 


Rthj-amb Thermal resistance junction-ambient max 150°C/W 120°C/W 
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ELECTRICAL CHARACTERISTICS 


(VS=5V, VEE= —15V, VREF/R14=2 mA, TA=TMIN to TMAX and all digital inputs at high logic level 
unless otherwise noted.) 


[ameter Sona in [yp [ws [un 


E, Relative Accuracy (Error Relative| (Figure 10) 
to Full Scale Io) 
DACO808L 
DAC0807LC/D1 (Note 1) 
DACO806LC/D1 (Note 1) 
Settling Time to Within 1/2 LSB | Ta=25°C (Note 2) 
(Includes tp, }) (Figure 11) 


oH Propagation Delay Time nes: Crue £0 power [f= | = [= 


TClo Output Full Scale Current Drift | 220 | | _ppmiec | 


MSB Digital Input Logic Levels (Figure a3 
Vin High Level, Logic ‘1”’ Voc 
VIL Low Level, Logic ‘‘0” Voc 


MSB Digital Input Current (Figure 9) 
High Level Vip =5V 
Low Level =0.8V 


Reference Input Bias Current 


(Figure 3) 
Output Current Range 


(Figure 9) 
Veg= —-5V 
Veg = —15V, Ta =25°C 


Vrer = 2.000V. 
R14 = 10000 
(Figure 9) 
(Figure 9) 
E,s0.19%, Tp =25°C 


lis 


Output Current 


Output Current, All Bits Low 
Output Voltage Compliance 
Veg = —5V 

Vee Below —10V 


SRiper Reference Current Siew Rate (Figure 14) Te 
Output Current Power Supply —5V<Vees —16.5V pA 
Sensitivity 

Power Supply Current (All Bits Low) (Figure 9) 
Is 2.3 22 
lEE —4.3 —13 
eal Supply Voltage Range Ta =25°C (Figure 9) 

4.5 5.0 
Vee —4,5|-15 


Power Dissipation 
All Bits Low 


— 0.55, + 0.4 


Vs =5V.Veg = —5V 

Vs =5V.Veg = — 15V 
Vg =15V.Veg = —5V 
Vg =15V.Vege = — 15V 


Note 1: All current switches are tested to guarantee at least 50% of rated current. 
Note 2: All bits switched. 


Note 3: Range control is not required. 


All Bits High 
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Fig. 2 - Supply Current vs Supply 
Voltage (Veg) 


Fig. 1 - Supply Current vs 
Temperature - 


Cae ae ae ee 
ALL BITS HIGH OR LOW 


eee cis 
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0 
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Fig. 4 - Logic Input Current vs Fig. 5 - Bit Transfer Characteristics 


Input Voltage 


8 dev, 


Fig. 7 - Output Voltage Compliance 
vs Temperature 


vo/ | | | tt tt tf | (cB) 


Fig. 8 - Frequency response 
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Fig. 3 - Supply Current vs Supply 
Voltage (Vs) 
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Fig. 6 - Output Voltage Compliance 


Gas in: ee 
ae ee ee ee 


14 4=0.2mA 


= ae 
0 Les Ee 0 ee a a ee 
-14-10 -6 -2 2 6 10 Vo (V) 


Unless otherwise specified: R14 = 
R15=1kQ, C=15 pF, pin 16 to Veg; 
R, =500, pin 4 to ground. 


Curve A: Large Signal Bandwidth 
Method of Figure 7, Vagr=2 Vp-p 
offset 1 V above ground 


Curve B: Small Signal Bandwidth 
Method of Figure 7, Ri = 2500, 
VrReF=50 mVp-p offset 200 mV 
above ground. 


Curve C: Large and Small Signal 
Bandwidth Method of Figure 9 (no 
op amp. Ry = 502), Rg = 500, 
VreF=2V, Vs = 100 mVp-p centered 
at OV. 


Test Circuits 


FIGURE 9. Notation Definitions 
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FIGURE 10. Relative Accuracy 


DAC0808-0807-0806 


The resistor tied to pin 15 is to temperature com- 
pensate the bias current and may not be necessa- 
ry for all applications. 
lo=K A1 Al A2 A383 A4 A5 ,A6 A7 ,A8 

4 8 16 32. 64 * 28 "356 


VREF 


where K = Rid 


and AN= ‘‘1” if An is at high level 
AN= “0” if An is at low level 


ERROR OUT 
O (4V=41%) 
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FIGURE 11. Transient Response and Settling Time 


Co <25 pF 
a 
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FIGURE 12. Positive Vper 
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FIGURE 13. Negative Vrer 
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FIGURE 14. Reference Current Slew Rate Measurement 


APPLICATION INFORMATION 


CIRCUIT DESCRIPTION 


The DAC0808 consists of a reference current am- 
plifier, an R-2R ladder, and eight high-speed cur- 
rent switches. For many applications, only a 
reference resistor and reference voltage need be 
added. 

The switches are noninverting in operation, there- 
fore a high state on the input turns on the speci- 
fied output current component. The switch uses 
current steering for high speed, and a termination 
amplifier consisting of an active load gain stage 
with unity gain feedback. The termination ampli- 
fier holds the parasitic capacitance of the ladder 
at a constant voltage during switching and provi- 
des a low impedance termination of equal voltage 
for all legs of the ladder. 

The R-2R ladder divides the reference amplifier cur- 
rent into binarily-related components, which are fed 
to the switches. Nota that there is always a remain- 
der current which is equal to the last significant bit. 
This current is shunted to ground, and the maxi- 
mum output current is 255/256 of the reference am- 
plifier current, or 1.992 mA for a 2.0 mA reference 
amplifier current if the NPN current source pair is 
perfectly matched. 
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REFERENCE AMPLIFIER DRIVE AND COMPEN- 
SATION 


The reference amplifier provides a voltage at pin 
14 for converting the reference voltage to a cur- 
rent, and a turn-around circuit or current mirror for 
feeding the ladder. The reference amplifier input 
current, I14, must always flow into pin 14, regar- 
diess of the set-up method or reference voltage po- 
larity. 


Connections for a positive voltage are shown in Fi- 
gure 712. The reference voltage source supplies the 
full current 144. For bipolar reference signals, as 
in the multiplying mode, R15 can be tied to a ne- 
gative voltage corresponding to the minimum in- 
put level. It is possible to eliminate R15 with only 
a small sacrifice in accuracy and temperature drift. 


The compensation capacitor value must be increa- 
sed with increases in R14 to maintain proper pha- 
se margin; for R14 values of 1, 2.5 and 5 kQ, 
minimum capacitor values are 15,37 and 75 pF. 
The capacitor may be tied to either VEE or ground, 
but using VEE increases negative supply rejection. 


A negative reference voltage may be used if R14 
is grounded and the reference voltage is applied 
to R15 as shown in Figure 13. A high input impe- 
dance is the main advantage of this method. Com- 
pensation involves a capacitor to VEE on pin 16, 
using the values of the previous paragraph. The 
negative reference voltage must be at least 3V abo- 
ve the VEE supply. Bipolar input signals may be 
handled by connecting R14 to a positive referen- 
ce voltage equal to the peak positive input level at 
pin 15. 


When a DC reference voltage is used, capacitive 
by pass to ground is recommended. The 5V logic 
supply is not recommended as a reference volta- 
ge. If a well regulated 5V supply which drives lo- 
gic is to be used as the reference, R14 should be 
decoupled by connecting it to 5V through another 
resistor and bypassing the junction of the 2 resi- 
stors with 0.1 »F to ground. For reference voltages 
greater than 5V, a clamp diode is recommended 
between pin 14 and ground. 


If pin 14 is driven by a high impedance such as a 
transistor current source, none of the above com- 
pensation methods apply and the amplifier must 
be heavily compensated, decreasing the overall 
bandwidth. 
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OUTPUT VOLTAGE RANGE 


The voltage on pin 4 is restricted to a range of —0.6 
to 0.5V when Vee = — 5V due to the current swit- 
ching methods employed in the DACO808. 


The negative output voltage compliance of the 
DACO0808 is extended to — 5V where the negative 
supply voltage is more negative than — 10V. Using 
a full-scale current of 1.992 mA and load resistor 
of 2.5 kf between pin 4 and ground will yield a vol- 
tage output of 256 levels between 0 and — 4.980V. 
Floating pin 1 does not affect the converter speed 
or power dissipation. However, the value of the load 
resistor determines the switching time due to in- 
creased voltage swing. Values of RL up to 5000 
do not significantly affect performance, but a 2.5 
kQ load increases worst-case setting time to 1.2 us 
(when all bits are switched ON). Refer to the sub- 
sequent text section on Settling Time for more de- 
tails output loading. 


OUTPUT CURRENT RANGE 


The output current maximum rating of 4.2 mA may 
be used only for negative supply voltages more ne- 
gative than — 7V, due to the increased voltage drop 
across the resistors in the reference current am- 
plifier. 


ACCURACY 


Absolute accuracy is the measure of each output 
current level with respect to its intended value, and 
is dependent upon relative accuracy and full-scale 
current drift. Relative accuracy is the measure of 
each output current level as a fraction of the full- 
scale current. The relative accuracy of the 
DAC0808 is essentially constant with temperatu- 
re due to the excellent temperature tracking of the 
monolithic resistor ladder. The reference current 
may drift with temperature, causing a change in 
the absolute accuracy of output current. However, 
the DAC0808 has a very low full-scale current drift 
with temperature. 


The DACO808 series is guaranteed accurate to wi- 
thin + 1/2 LSB at a full-scale output current of 1.992 
mA. This corresponds to a reference amplifier out- 
put current drive to the ladder network of 2 mA, with 
the loss of 1 LSB (8 pA) which is the ladder remain- 
der shunted to ground. The input current to pin 14 
has a guaranteed value of between 1.9 and 2.1 mA, 
allowing some mis-match in the NPN current sour- 
ce pair. The accuracy test circuit is shown in Figu- 
re 10. The 12-bit converter is calibrated for a 
full-scale output current of 1.992 mA. This is an op- 
tional step since the DACO808 accuracy is essen- 
tially the same between 1.5 and 2.5 mA. 


Then the DAC0808 circuits’ full-scale current is 
trimmed to the same value with R14 so that a zero 
value appears at the error amplifier output. The 
counter is activated and the error band may be di- 
splayed on an oscilloscope, detected by compa- 
rators, or stored in a peak detector. 


Two 8-bit D-to-A converters may not be used to con- 
struct a 16-bit accuracy D-to-A converter. 16-bit ac- 
curacy implies a total error of + 1/2 of one part in 
65,536, or +0.00076%, which is much more ac- 
curate than the +0.019% specification provided 
by the DACO808. 


MULTIPLYING ACCURACY 


The DACO808 may be used in the multiplying mo- 
de with 8-bit accuracy when the reference current 
is varied over a range of 256:1. If the reference cur- 
rent in the multiplying mode ranges from 16 pA to 
4 mA, the additional error contributions are less 
than 1.6 pA. This is well within 8-bit accuracy when 
referred to full-scale. 


A monotonic converter is one which supplies an 
increase in current for each increment in the bina- 
ry word. Typically, the DACO808 is monotonic for 
all values of reference current above 0.5 mA. The 
recommended range for operation with a DC refe- 
rence current is 0.5 to 4 mA. 


SETTLING TIME 


The ‘‘worst case’’ switching condition occurs when 
all bits are switched ‘‘on’’, which corresponds to 
a low-high transition for all bits. This time is typi- 
cally 150 ns for settling to within + 1/2 LSB for 8-bit 
accuracy and 100 ns to 1/2 LSB for 7 and 6-bit ac- 
curacy. The turn off is typically under 100 ns. The- 
se timers apply when RL <500 ohms and Co <25 
pF. 


The test circuit of Figure 11 requires a smaller vol- 
tage swing for the current switches due to internal 
voltage clamping in the DAC0808 A 1.0-kilohm load 
resistor from pin 4 to ground gives a typical set- 
tling time of 200 ns. 

Thus, it is voltage swing and not the output RC ti- 
me constant that determines setting time for most 
applications. 

Extra care must be taken in board layout since this 
is usually the dominant factor in satisfactory test 
results when measuring settling time. 

Short leads, 100 »F supply bypassing for low fre- 
quencies, and minimum scope lead length are all 
mondatory. 
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PROGRAMMABLE GAIN AMPLIFIER OR DIGI- 
TAL ATTEPUATOR 


When used in the multiplying mode can be applied 
as a digital attenuator. See Figure 15. One advan- 
tage of this technique is that if Rs =50 ohms, no 
compensation capacitor is needed. The small and 
large signal band are now identical and are shown 
in Figure 8C. 


The best frequency response is obtained by not al- 
lowing 144 to reach zero. However, the high impe- 
dance node, pin 16, is clamped to prevent 
saturation and insure fast recovery when the cur- 
rent through R14 goes to zero. Rs can be set for 
a + 1.0 mA variation in relation to 144. 114 can ne- 
ver be negative. 

The output current is always unipolar. The quie- 
scent dc output current level changes with the di- 
gital word which makes accoupling necessary. 


CURRENT TO VOLTAGE CONVERSION 


Voltage output of a larger magnitude are obtaina- 
ble with the circuit of fig. 16 which uses an exter- 
nal operational amplifier as a current to voltage 
converter. This configuration automatically keeps 
the output of the DACO808 ground potential and 
the operational amplifier can generate a positive 
voltage limited only by its positive supply voltage. 
Frequency response and setting time are primari- 
ly determined by the characteristics of the opera- 
tional amplifier. In addition, the operational amplifier 
must be compensated for unity gain, and in some 
cases over compensation may be desirable. 
Note that this configuration results in a positive out- 
put voltage only, the magnitude of which is depen- 
dent on the digital input. The LM301 can be used 
in a feedforwerd mode resulting in a full scale set- 
ting time on the order of 2.0 ys. 


COMBINED OUTPUT AMPLIFIER AND VOLTA- 
GE REFERENCE 


For many of its applications the DAC0808 requi- 
res a reference voltage and an operational ampli- 
fier. Normally the operational amplifier is used as 
a current to voltage converter and its output need 
only go positive. With the popular LM723 voltage 
regulator both of these functions are provided in 
a single package with the added bonus of up to 150 
mA output current. See Figure 17. The reference 
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voltage is developed with respect to the negative 
voltage and appears as a common-mode signal to 
the reference amplifier in the D-to-A converter. This 
allows use of its amplifier as a classic current-to- 
voltage converter with the non-inverting input 
grounded. 

Since +15V and +5.0V are normally available in 
a combination digital-to-analog system, only the 
— 5.0 V need be developed. A resistor divider is 
sufficiently accurate since the allowable range on 
pin 5 is from —2.0 to —8.0 volts. The 5.0 kilohm 
pulldown resistor on the amplifier output is neces- 
sary for fast negative transitions. 

Full scale output may be increasing Ro and raising 
the + 15V supply voltage to 35 V maximum. The 
resistor divider should be altered to comply with 
the maximum limit of 40 volts across the LM723 
Co may be decreased to maintain the same Ro- 
Co product if maximum speed is desired. 


PROGRAMMABLE POWER SUPPLY 


The circuit of figure 17 can be used as a digitally 
programmed power supply by the addition of 
thumb-wheel switches and a BCD-to-binary con- 
verter. The output voltage can be scaled in seve- 
ral ways, including 0 to + 25.5 volts in 0.1 —volt 
increments, +10 mV. 


PANEL METER READOUT 


The DAC0808 can be used to read out the status 
of BCD or binary registers or counters a digital con- 
trol system. The current output can be used to dri- 
ve directly an analog panel meter. External meter 
shunts may be necessary if a meter of less than 
20 mA full scale is used. Full scale calibration can 
be done by adjusting R14 or Vre¢ (see fig. 18). 


CHARACTER GENERATOR 


In a character generation system fig. 19 one 
DAC0808 circuit uses a fixed reference voltage and 
its digital input defines the starting point for a stro- 
ke. The second converter circuit has a ramp input 
for the reference and its digital input defines the 
slope of the stroke. Note that this approach does 
not result in a 16-bit D-to-A converter (See Accura- 
cy Section). 
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TWO-DIGIT BCD CONVERSION 


Two 8-bit, D-to-A converters can be used to build 
a two digit BCD D-to-A or A-to-D converter (fig. 21). 
If both outputs feed the virtual ground of an opera- 
tional amplifier, 10:1 current scaling can be achie- 
ved with a resistive current divider. If current out- 
put is desired, the units may be operated at full 
scale current levels of 4.0 mA and 0.4 mA with the 
outputs connected to sum the currents. The error 
of the D-to-A converter handling the least signifi- 
cant bits will be scaled down by a factor of ten and 
thus an DACO806 may be used for the least signi- 
ficant word. 


FIGURE 16. 
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FIGURE 17. Combined output amplifier and voltage 
reference circuit 
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FIGURE 15. Programmable Gain Amplifier or Digital 
Attenuator Circuit 
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FIGURE 18. Panel meter readout circuit 
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FIGURE 19. Digital summing and character generation 


Vo =(lo1 +102) Ro 


vo=| 


Vreft A} + ¥ref2 (B} 
R14, R145 
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FIGURE 20. Analog product of two digital words (High Speed Operation) 


V 


? Vo=—lo1 Ro=—lel {A} R 
+V8 o= —lo1 Ro R14, | | Ro 
gga e IVol _ (B} Ro Vref [A} 
R149 R145 R14, 


Since Ro=R149 and K= Vref 
R14, 
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lo2=K {A} {B} | K can be an analog variable 


FIGURE 21. Two-digit BCD conversion 
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TSFJ SERIES 


MIXED ANALOG - DIGITAL BIPOLAR ARRAYS 


» ADVANCED BIPOLAR TECHNOLOGY : 
.~ NPN, Fr =3GHz 
. 2METALLAYER 
~ 100MHz, ECL FUNCTIONS 
» FULL ESD PROTECTION 
» POWER SUPPLY : 
MAXIMUM RATINGS = UP TO 15V 
OPERATING CONDITIONS = 3 TO 12V 
ma ANALOG - DIGITAL ARRAYS : 
. ANALOG TILES 
- ECL TILE FOR HIGH SPEED LOGIC 
. I2L CORE FOR LOW FREQUENCY RAN- 
DOM LOGIC 
- POWER TILE WITH 200mA CAPABILITY 
» 5 ARRAYS AVAILABLE : 
J4, J6, J9, J13, J23 FROM 600 TO 3000 COM- 
PONENTS 
a CAD SOFTWARE SUPPORT : 
. ADS-PC (analog design system - PC) 
.~ FULLY INTEGRATED IN PC ENVIRON- 
MENT 
. P-CAD* SOFTWARE, FOR SCHEMATIC 
CAPTURE, SIMULATION, AND LAYOUT 


Figure 1 : Example of TSFJ13 architecture. 


a» OPERATING TEMPERATURE RANGE : 
COMMERCIAL : 0 TO 70C 
INDUSTRIAL : - 40 TO + 85C 
MILITARY : - 55 TO + 125C 

a» PACKAGE OPTIONS 
DIL : PLASTIC OR CERAMIC 
SMD : SO, PLCC, LCCC, QFP 


USIC PRODUCTS DESCRIPTION 
SGS-THOMSON Microelectronics introduces the 
mixed analog-digital arrays developped on a 3GHz 
process. Using the expertise in bipolar arrays, SGS- 
THOMSON has developped this new series to offer 
a product taking the leading edge of any technolo- 
gy : 

- High speed process (NPN, Fr = 3GHz) 

- Architecture with tile concept to improve the effi- 
ciency of the placement and routing 

- 2 customized metal layers with 4 masks to perso- 
nalize (contact, M1, via, M2) 

- Complete CAD system on a PC from schematic 
capture up to the layout. 
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TSFJ ARCHITECTURE 


TECHNOLOGY 


TSFJ series developped by SGS-THOMSON is 
using an advanced bipolar process with high fre- 
quency performance (NPN, Ft = 3GHz). With a 
double metal layer the parasitic elements are mini- 
mized to improve the layout density and to increase 
the performances. 


The process is very well suited for accurate analog 
bipolar design. The other key feature is introduced 
with the digital capability using either ECL functions 
or l2L ones. 


Thanks to protection network placed on each input 
pad, the complete TSFu series is protected against 
ESD parasitic effects. 


TILE ARCHITECTURE 


The TSFu series has an architecture based on a tile 
concept in order to take advantage of efficient 
layout. 


For SGS-THOMSON a tile is an optimized place- 
ment of basic components such as transistors, re- 
sistors, and capacitors, with no routing done in 
advance. When customisation is prepared, the de- 
signer optimized the routing of each tile according 
to his needs. 


6 different types of tiles have been developped : 
a LINEAR TILE, optimized for analog functions (op 
amps, comparators, ...) 
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. 6 standard NPN (hee = 105, and Ic = 100A) 

. 2lownoise NPN 

- 7 lateral PNP (hee = 52, and Ie = 1A) 

. 44 resistances from 100 ohms to 50KQ 
POWER TILE, optimized for power interface ca- 
pability ; 

. 4standard substrate PNP 

- 1 power substrate PNP (Ikr = 10mA) 

- 1 power NPN (Ike = 314mA) 

-~ 1 medium power NPN (Ikr = 78mA) 

. 3std NPN 

I2L LOGIC TILE, optimized to implement random 
logic using standard |2L functions (NAND, AND, 
NOR, OR, Flip-flop, ...) 

. row of I2L operators 

ECL LOGIC TILE, optimized for high speed logic 
up to 100MHz 

. equivalent to 1 D flip-flop or 5 NOR gates 
BUILT-IN FUNCTION TILES, a certain number 
of predefined tile have been created to fulfill some 
specific analog requests such as ; 

.- 1 bandgap voltage reference 

- 1 oscillator (RC or quartz) 

- 1 voltage regulator 

. 1R-2R resistor ladder for 6 bits DAC 
RESISTOR/CAPACITOR TILE, optimized for 
RC network or compensation capacitor purpose 
. 2.5pF and 7pF capacitor available 
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igure 2 : Example of a symbolic Linear Tile. 
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Figure 3 : TSFJ Series : The Available Tiles. 
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Figure 4 : TSFJ Series : The Transistors. 
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Figure 5 : TSFJ Series : The Resistors. 
(high values) 
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40KQ RI 


(medium and low values) 


100Q PL 


1KQ BEX 


ADS-PC : ANALOG DESIGN SYSTEM - PC 


The TSFuJ series is fully supported by a complete 
Computer Aided Design (CAD) system. The ADS- 
PC tool offers capabilities of schematic entry, ana- 
log and digital simulation and symbolic layout, using 
a standard software package from PCAD. 

The ADS-PC software requires a low cost IBM PC 
AT3 or fully compatible with the following configura- 
tion : 

- 640 KO RAM, coprocessor 80287 

optional : 80386 and 80387 accelerator boards 
2MB EMS board 

- microsoft parallel mouse 

- EGA graphic monitor 

- 30 MO hard disk 

- laser jet printer 

Checkin nai a ae mask generation are implemented 
on DEC M computer systems. 


SCHEMATIC GRAPHIC CAPTURE 


PC-CAPS™ software, from P-CAD™, provides 
capture of schematic circuit diagram, allowing the 
circuit description in a hierarchical way* and using 
either macrocell from ST library or basic array com- 
ponents. 

A database is generated (netlist extraction) for si- 
mulation and symbolic layout. 
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* (symbols can be created to represent schematic 
designs and can be used as components in higher- 
level schematic designs) 


ANALOG SIMULATION 


The analog simulation is performed using PSPI- 
CE’ software and the models library for basic 
components and macrocells. The result analysis is 
performed using graphic representation on listing 
edition. 


* from MICROSIM 


PSPICE input files are the net list from schematic 
capture, command file, configuration file and simu- 
lation environment (active device level description, 
technology worst cases...). 


DIGITAL SIMULATION 


PC-LOGS™) from P-CAD™ is a logic simulation 
program providing primitive symbols library and 
using commands interactively or in batch mode to 
set up and perform a simulation. 


Simulation results can be displaid to the screen in 
graphic or tabular forms. PC-LOGS inputs are of two 
types : a verified netlist and user commands. 
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PLACEMENT AND ROUTING The on-screen menu includes commands to draw, 
PC-CARDS™ from P-CAD™ is built around an in- edit, move, delete, Zoom in and out, view selected 
; window. 


telligent database that continually keeps track of 
components and connectivities. 


Figure 6 : ADS - PC Design Flow. 


CUSTOMER (P.C.) 


SCHEMATIC CAPTURE 
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CUSTOMER DESIGN INTERFACE - via CAE workstations using a PC configuration and 


TM 

SGS-THOMSON has developped several inter. | the P-CAD “ software package 

faces for customers, giving them easy and flexible According to all of these design possibilities, SGS- 
design approaches for TSFJ mixed analog/ digital THOMSON defined 2 main customer interfaces. 


bipolar arrays. Next figure outlines these interfaces. Each interface 
v s ADS-PC system : delimits the responsabilities of customer and SGS- 
- via the SGS-THOMSON Design centers THOMSON during circuit development flow. 


| Interface2_—|__Interface 3 
Definition of Circuit Specifications 
Electrical Description (analog + digital) 
Test Procedure 
Graphic Capture + Input Signal Entry 
Design Verification 
Simulation (analog + digital) 


Place and Route ST Customer 


Customer Customer/ST 


ST 
ST 
ST 


Final Design Release 
Test Program Generation + Test Tooling 
Mask Tooling 


Prototype Manufacturing 


Prototype Delivery ST 


With interface 3, design can be done either at SGS-THOMSON Microelectronics design center facilities or at customer loca- 
tion. 


ABSOLUTE MAXIMUM RATINGS (note 1) Tamp = 25°C, Voltage Referenced to V- 


ait hada ae ee] On 
Supply Voltage 


Tag [Storage Temperature (ceramio) [60 | 180 | 0 


Note: 1. Stresses above those listed order "maximum rating" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these on any other conditions above those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


Storage Temperature (plastic) 


RECOMMENDED DC OPERATING CONDITIONS, Voltage Referenced to V- 


Symbol Parameter 


| Min. | Typ. | Max. | 
Operating Supply Voltage ese i 2 We 


Tamb Operating Ambient Temperature Military — 55 +125 °C 
— 40 + 85 
0 + 70 


Industrial 
Commercial 
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DC GENERAL ELECTRICAL CHARACTERISTICS 


Value 
Typ. | Max. | 


Resistors (aenee (neeana ee 


P, Diffusion 


Extrinsec Base Region 


Resistor Value Range 

Absolute Accuracy 

Matching (note 1) 

Matching (note 2) 

Temperature Coefficient (15' order) 


Resitor Value Range 
Absolute Accuracy 
Matching (1) 
Matching (2) 
Temperature Coefficient (1$' order) 


Resitor Value Range 
Absolute Accuracy 
Matching (1) 
Matching (2) 
Temperature Coefficient (15' order) 


Resitor Value Range 
Absolute Accuracy 

Matching (1) 
Matching (2) 


Implanted Resitor 


std NPN Transistor (note 3) 
Collector-base 
Collector-emitter 
Collector-substrate 

@ I, = 100nA 


Breakdown Voltage 
Breakdown Voltage 
Breakdown Voltage 
Current Gain 
Knee Current 


Power NPN Transistor (note 3) 
Collector-base 
Collector-emitter 
Collector-substrate 

@ |, =10mA 


Breakdown Voltage 
Breakdown Voltage 
Breakdown Voltage 
Current Gain 
Knee Current 
matching between 2 resistors of the same value, closed to each other and with the same orientation on the die. 

. matching between 2 resistors of different values, close one from the other and with the same orientation on the die. 
. for more informations refer to the TSFJ user’s manual. 

. voltage references are provided by an "ECL reference" macrocell (REFECL) built on a specific tile 

. input voltages could be supplied by a specific tile called HFECL. 

output levels are not compatible with standard 10K, 100K ECL series. 


1. 
2 
3 
4 
5 
6 
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TSFJ SERIES 


DC GENERAL ELECTRICAL CHARACTERISTICS (continued) 


Substrate PNP Transistor (note 3) 
Breakdown Voltage Collector-base 
Breakdown Voltage Collector-emitter 
Breakdown Voltage Collector-substrate 
Current Gain @ |, = 1HA 
Knee Current 


ECL Cells (V, =5V + 10%) 
Vreterence Voltage Reference (note 4) 
Vreterence Voltage Reference (note 4) 
Vreference Voltage Reference (note 4) 
Input Voltage (note 5) 
Input Voltage (note 5) 
Output Voltage (note 6) 
Output Voltage (note 6) 
. matching between 2 resistors of the same value, closed to each other and with the same orientation on the die. 
. matching between 2 resistors of different values, close one from the other and with the same orientation on the die. 


{ 
2 
3. for more informations refer to the TSFJ user’s manual. 

4. voltage references are provided by an "ECL reference" macrocell (REFECL) built on a specific tile. 
5 

6 


. Input voltages could be supplied by a specific tile called HFECL. 
. output levels are not compatible with standard 10K, 100K ECL series. 


DIGITAL LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT 
(unless otherwise specified, Tamp = 25°C, typical process) 


Value 


res a 
pea irae ponte ee nerd re 
[te es Fewenar [pe Fipson co Pe 
a a 


Toggle Frequency D Type Flip-flop an 


@ Injection = 0.1nA 
@ Injection = 1A 
@ Injection = 10nA 
Note: 7. I2L cells have been caracterised between 0.1pA and 100HA. 


Lj SGS-THOMSON a ee 
S/ MICROELECTRONICS 
83 


TSFJ SERIES 


ANALOG LIBRARY, AC ELECTRICAL CHARACTERISTICS ABSTRACT 
(unless otherwise specified, Tamb = 25°C, typical process) 


JOPA1 (programmable operationnal amplifier) Veco + BV, Ise¢ = ZOUA 


Symbol Test Conditions Typical Value 

|B | Unity Gain Bandwidth RL = 5KQ ; CL = 20pF aa 
Phase Margin Av =1 ; RL =5KQ ; CL = 20pF a 
3 


vo 
Open-loop Voltage Gain RL = 5KQ ; CL = 20pF 


Symbol Test Conditions Typical Value 


1 
.35 
tref Large Signal Response Time} RL = 5KQ ; CL = 2pF with 00 
Overdrive : 100mV 
;CL= 1 
87 


JCOMP1 (programmable voltage comparator - LM139 type) 


Small Signal Response Time | RL = 5KQ ; CL = 2pF with 
Overdrive : 5mV 


tre 
large Signal Volage Gan | SCSC~“~*~s‘idSC“‘COCC 
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KO9 SERIES 


HIGH FREQUENCY ANALOG BIPOLAR ARRAYS 


The KO9 array is manufactured using a very high 
frequency technology (Ft of NPN = 3GHz) which al- 
lows a 15V maximum supply operating voltage. 

a» TECHNOLOGY HF2C, 2 METAL LAYERS 

a» 1 METAL LAYER TO CUSTOMIZED 

» 28 BONDING PADS (maximum) 

» 188 NPN TRANSISTORS 

a 28 PNP TRANSISTORS (placed in peripheral) 
» 686 RESISTORS 

a MAXIMUM SUPPLY VOLTAGE = 15V 


DESCRIPTION 


The KO9 array is a prediffused bipolar array of com- 
ponents allowing the user to design his specific ap- 
plications in a short cycle time and with a minimum 
risk of errors. 

The KO9 array from SGS-THOMSON Microelectro- 
nics is specially intended for use in video, telecom- 


Figure 1 : KO9 array architecture. 


: 
i 
: 


| 
se 
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he 


munication, instrumentation and other high frequen- 
cy applications, but it could be used with benefit for 
low frequency applications. 


Using kit parts for breadboard, the designer has the 
capability to validate the schematics in the final ap- 
plication environment. 


ANALOG ARRAY : 


The structure of the KO9 based on a regular matrix 
of 3 x 7 tiles, improves the efficiency of the layout. 


Each tile contains : 

@ 6 QN1 type NPN transistors 

® 2 QN2 type NPN transistors 

e 100, 200, 400 and 800 P+ type resistors, 1K, 2K, 
4K, 8K and 16K Pextrinsec base resistors. 


2 independent resistor tubs allow to place 2 positive 
power supplies if required. 


EL «JC _ JL i 
a 
Ps eop ee = 


E89K09-01 


1/2 


85 


KO9 SERIES 


MAXIMUM VOLTAGE 


Collector-base 
Collector-emitter 1 


Base-emitter 


Resistor voltage = 20V maximum. 
Capacitor voltage = + 20V maximum. 


ELECTRICAL CHARACTERISTICS 


Current Gain (hFE) 
110 (@.1mA «<1 < 1mA) + 25% Same Value Resistor 
60 (@ | = 10uA) = + 2% 
3GHz (@ | = 1mA) Different Value Resistor 
(Ft)pnp 10MHz (@ | = 101A) =+5% 
DEVICES MODELING 
All basic components are available with SPICE models, for the 4 different kinds of transistors, the 
parameters are : 
Symbol _. Parameter 


Transport Saturation Current (107'®) 


2 
25 


kee 
isi 


i ee ky, SGS-THOMSON 
4 iMcRoELECTROMICS 
86 


ky SGS-THOMSON 


MICROELECTRONICS L165 


3A POWER OPERATIONAL AMPLIFIER 


» OUTPUT CURRENT UP TO 3A 

» LARGE COMMON-MODE AND DIFFEREN- 
TIAL MODE RANGES 

a SOA PROTECTION 

=» THERMAL PROTECTION 

m + 18V SUPPLY 


The L165 is a monolithic integrated circuit in Pen- 
tawatt® package, intended for use as power ope- 
rational amplifier in a wide range of applications, 
including servo amplifiers and power supplies. The 
high gain and high output power capability provide 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 

Upper power transistor Vce 

Lower power transistor Vce 

Input voltage 

Differential input voltage 

Peak output current (internally limited) 
Power dissipation at Tcase = 90°C 
Storage and junction temperature 


APPLICATION CIRCUITS 
Figure 1 : Gain > 10. 


1N4001 


1N4001 


september1988 


superior performance wherever an_ operational 
amplifier/power booster combination is required. 


3.5 
20 
— 40 to 150 


Figure 2 : Unity gain configuration. 
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L165 


CONNECTION DIAGRAM 
(top view) 


Vs 

OUTPUT 

-Ve 

INVERTING INPUT 


NON INVERTING INPUT 


/. nie $-2628/2 
Tab connected to pin 3 


SCHEMATIC DIAGRAM 


mae. Bor 


THERMAL 

i SHUT DOWN 
AND SOA 

PROTECTION 


THERMAL DATA 


Rth j-case Thermal resistance junction-case max 3. “C/W 
ay sGs-THOMSON 
7 wmicnomecraomes 
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L165 


ELECTRICAL CHARACTERISTICS (Vs = + 15 V, Tj = 25 © unless otherwise specified) 


Sumbel[ Parameter [Test Gonaitons [win | Tye. [wax | Unit 
rv, [Sippy Voge ee | 

[1s | Guiescent Drain Curent a 
Tie | input Bias Current ete tn 
[ee [eto [mv 
tes pt Os rent [20 [200 [ma 


Slew-rate 


Output Voltage Swing 


[A _[ input Resistance (pin) | a he cee ee 
fee SE 
retiree — ane i Ss eel Ba 


a Voltage Rejection vo eu. ee oe oe 
fupote = 100 He ae ee 


Ri = tihiSaaesiew Te Te 
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L165 


Figure 3 : Open loop frequency response. Figure 4 : Closed loop frequency response (cir- 
cuit of figure 2). 


G-4396 11 


10° 10° ¢ (Hz) 


Figure 5 : Large signal frequency response. Figure 6 : Maximum output current vs. voltage 
[VCE] across each output transistor. 


1 10 10? f (KHz) 


Figure 7 : Safe operating area and collector Figure 8 : Maximum allowable power dissipa- 
characteristics of the protected power transistor. tion vs. ambient temperature. 


Fatt 


S-0764/1 
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Figure 9 : Bidirectional DC motor control with TTL/CMOS/uP compatible inputs. 


4x1N4001 


4 


3 
sal 


(@) 22pF 


a 


Must be Vs22>Vs1  E1, E2 = logic inputs 
Vs: = logic supply voltage 


Figure 10 : Motor current control circuit with external power transistors (Imotor > 3.5A). 


 Vgmax36V 
O 


jwoKN2"% 


trr < 500 ns 
Note : The input voltage level is compatible with L291 (5-BIT D/A converter). 
| R4 


The transfer function is: —~ = 
V, Rx R3 


f SGS-THOMSON 
V7 acrozvecrromes 
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L165 
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oa een oe 
Ra 
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L165 


Figure 11 : High current tracking regulator. Figure 12 : Bidirectional speed control of DC 
motor (Compensation networks not shown). 


$- e020 


S-4370/1 
A fort18<V.i<s+32 
Note: V2 must be chosen tn order to verify 
2V,-—Vz< 36V 
B forV.<+18V 


VF <12V@ |=2A 
trr< 500 ns 


Figure 13 : Split power supply. 
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L165 


Figure 14 : Power squarewave oscillator with independent adjustments for frequency and duty-cycle. 


P1: duty-cycle adjust 
P2: frequency adjust (f = 700 Hz with C1 = 10 nF, P2 = 100 
KQ, f = 25 Hz with C1 = 10 nF, P2 =0) 
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L200 


ADJUSTABLE VOLTAGE AND CURRENT REGULATOR 


» ADJUSTABLE OUTPUT CURRENT UP TO2A 
(GUARANTEED UP TOT, = 150 °C) 

» ADJUSTABLE OUTPUT VOLTAGE DOWN TO 
2.85 V 

s INPUT OVERVOLTAGE PROTECTION (UP TO 
60 V, 10 ms) 

a SHORT CIRCUIT PROTECTION 


metal case. Current limiting, power limiting, ther- 
mal shutdown and input overvoltage protection (up 
to 60 V) make the L200 virtually blow-out proof. 
The L200 can be used to replace fixed voltage re- 
gulators when high output voltage precision is re- 
quired and eliminates the need to stock a range of 


fixed voltage regulators. 
a» OUTPUT TRANSISTOR S.0.A. PROTECTION 
=» THERMAL OVERLOAD PROTECTION 

» LOW BIAS CURRENT ON REGULATION PIN 
» LOW STANDBY CURRENT DRAIN 


Pentawatt® 


TO-3 (4 lead) 
DESCRIPTION 
The L200 is a monolithic integrated circuit for vol- 


tage and current programmable regulation. It is 
available in Pentawatt™ package or 4-lead TO-3 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Value Unit 


symbol] Parameter —SS*YSSCMae 
V.[Peakineurvowsstions) ——sSCSC~=“‘“~*“‘“iSC“‘zaO*‘~rt CCS 
Tie [oupucuen SSSSS™S~S~SdCTSC a iin 
Rai | PowerDispaion—SSSCSCSCSCS~S~S~S~T es 


Top Operating Junction Temperature for L200C — 25 to 150 °C 
for L200 — 55 to 150 °C 
THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 4 °C/W 3 °C/W 
Rthyj-amb | Thermal Resistance Junction-ambient Max 35 °C/W 50 °C/W 
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L200 


CONNECTION DIAGRAMS AND ORDER CODES (top views) 


OUTPUT 
sc ouTPUT CURR. 


4, 2 REFERENCE 
3, CSC 


2p. LIMITING 
1 SINPUT 


YT a) 
2 LIMITING 
S-2387/ 2 
$-2555/3 


L200 C L200 CH L200 CT 
L200 CV 


BLOCK DIAGRAM 


—_ 
PASS iS , OUTPUT 
ELEMENT \ 
aioe CURRENT 


PROTECTION - 
CURRENT REFERENCE COMPARATOR O2 
SOURCE AMPLIFIER) 


Oz VOLTAGE 
REFERENCE 
THERMAL 
PROTECTIO 


GROUND 


APPLICATION CIRCUITS 


Figure 1 : Programmable Voltage Regulator Figure 2 : Programmable Current Regulator. 
with Current Limiting. 


S- 24271 2 §- 2626/1 
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L200 


SCHEMATIC DIAGRAM 


ELECTRICAL CHARACTERISTICS (Tamb = 25 °C, unless otherwise specified) 


Symbol Parameter Test conditions Min. Typ. Max. | Unit 


VOLTAGE REGULATION LOOP 


| le | Quiescent Drain Current (pin 3) Drain Current ( | Quiescent Drain Current (pin 3) | 3) =20V 


A es Noise Voltage se = Veet l=10mA 
= 1 MHz 


Se Enohinocn Regulation Alo=2A 0.15 1 % 
(note 1) Alo=1.5A 0.1 0.9 % 
Line Regulation va =O:V 

=8to18V 48 


SVR Supply Voltage Rejection Vo=5V lob = 500 mA 


AV, = = 10 Vpp 
f = 100 Hz ne 2) 


Droupout Voltage between Pins 1 | 1,=1.5A AVo $2 % ie 
and 5 : 


[ar [Rees Wage tons) __|[Wn20V_betOma | 264 | 277 | 208 | V_ 
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keyg SGS-THOMSON — 
8, ercaenonics 

97 


L200 


ELECTRICAL CHARACTERISTICS (continued) 


Average Temperature Coefficient =20V lob=10mA 
of Reference Voltage for T, =— 25 to 125 C 


nna 125 to 150 °C 
Bias Current at Pin 4 


Average Temperature 


Coefficient (pin 4) 


— Output Impedance 


CURRENT REGULATION LOOP 


Current Limit Sense Voltage 2 =10V Vo = Veet 
between Pins 5 and 2 Is = 100 mA 


Average Temperature 


Coefficient of Vsc 


Current Load Regulation 


Peak Short Circuit Current 
ee : and 5 short circuited) 


Note 1 A load step of 2 A can be applied provided that input-output differential voltage ts lower than 20 V (see Figure 3) 
Note 2 The same performance can be maintained at higher output levels if a bypassing capacitor is provided between pins 2 and 4. 


Figure 3 : Typical Safe Operating Area Figure 4 : Quiescent Current vs. Supply 
Protection. Voltage. 
G-2860N 

Tomax) | | | | | | I I ee Os fhe bes fe af ee | 
(Ale ea ae (may | || Pe tet ohet | 
Bi zeae Pee eer 
a 125 Sache 
Pa = 22eShem 
FP cr eal ea 
Sam = sis cee eeee 
Be Bw MAXIMUM DC POWER i anaes 
2 CEE a tiesiPatebersisorc) : i 
TV TT TT MAI“ ne cine eee 
TT mai sO A He 
Tet ae fe - ERE REE 
ry tt am kites 
ra, i ett) a6 peel elpe feel 
Ltt Bley Rises 
2aee aa 3.6 eee 
Ee ae is CC ee 
ae ae ee 
Pete] ae Ci ae ee ee 

fe) 10 20 30 -V,-V,(V) 
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L200 


Figure 6 : Quiescent Current vs. Output 


Figure 5 : Quiescent Current vs. Junction 


Current. 


2 19(A) 


Figure 8 : Output Noise Voltage vs. 


Figure 7 : Output Noise Voltage vs. Output 


Frequency. 


Voltage. 


<4 


Sata ae nee 
w 


R 


Figure 10 : Voltage Load Regulation vs. 


a oe ‘ 


2 & 


10 


(o) 


Figure 9 : Reference Voltage vs. Junction 


Junction Temperature. 


Temperature. 


~ 

e 

— 
-_ 
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Figure 12 : Dropout Voltage vs. Junction 
Temperature. 


Figure 11 : Supply Voltage Rejection vs. 
Frequency. 


L200 
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Current. 
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Figure 14 : Output Impedance vs. Output 
Figure 16 :Load Transient Response. 
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Figure 13 : Output Impedance vs. Frequency. 
Figure 15 : Voltage Transient Response. 
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Figure 17 :Load Transient Response. 


Ip= 2A V, =10V 
1,=!0mA to 2A 
AV, = 300mV = IpF 
ay,=500mv | © Comte 
Cy =0 047 pF 


Tus'Ips'tyus 
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APPLICATION CIRCUITS 


Figure 19 : Programmable Voltage Regulator. 


Figure 21 : High Current Voltage Regulator 
with Short Circuit Protection. 
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Figure 18 : Current Limit Sense Voltage vs. 
Junction Temperature. 


G-2844n 


Figure 20 :P.C. Board and Components 
Layout of Figure 19. 
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Figure 22 : Digitally Selected Regulator with 
Inhibit. 
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L200 


Figure 23 : Programmable Voltage and Current Regulator. 


*P1:CURRENT REGULATION $= 612512 
P2-VOLTAGE REGULATION 


Note : Connecting point A to a negative voltage (for example — 3 V/10 mA) It is possible to extend the output voltage range down to 0 V and 
to obtain the current limiting down to this level (output short-circuit condition). 


Figure 24 : High Current Regulator with NPN Figure 25 : High Current Tracking Regulator. 
Pass Transistor. 


ye aa 
Les 
L 200 Zs 


$-2904N $-4423N1 


for+18<V,<s+32 
Note — Vz must be chosen in order to verify 2V,- V2 < 36 V 
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Figure 26 : High Input and Output Voltage. Figure 27 : Constant Current Battery Charger. 


56V. Vz 


Vi(max) = 


$-2912/ 


The resistors Ri and Re determine the final charging voltage and 
Rsc the initial charging current D: prevents discharge of the battery 
throught the regulator. 

The resistor R, limits the reverse currents through the regulator 
(which should be 100 mA max) when the battery is accidentally re- 
verse connected If Ri is in series with a bulb of 12 V/S50 mA rating 
this will indicate incorrect connection 


Figure 28 :30 W Motor Speed Control. Figure 29 :Low Turn on. 


$-4124N 


R; 
R3 = ze Ru 


Ro 
Ri ) 


Vu = Veet , (1 + 
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DUAL POWER OPERATIONAL AMPLIFIERS 


@ OUTPUT CURRENT TO 1A The high gain and high output power capability 
@ OPERATES AT LOW VOLTAGES provide superior performance whatever an opera- 

tional amplifier/power booster combination is 
@® LARGE COMMON-MODE AND DIFFER- 


ENTIAL MODE RANGE 
@® GROUND COMPATIBLE INPUTS 
@ LOW SATURATION VOLTAGE 
@ THERMAL SHUTDOWN 


The L272 and L272M are monolithic integrated Powerdip (8 + 8) Minidip Plastic 
circuits in powerdip and minidip packages in- ° 

tended for use as power operational amplifiers in ORDERING NUMBERS: 

a wide range of applications including servo ampli- L272 L272M 


fiers and power supplies, compact disc, VCR, etc. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 28 V 
V; Input voltage V, 
V Differential input voltage tV, 
lo DC output current 1 A 
lp Peak output current (non repetitive) : 1.5 A 
Prot Power dissipation at Tamp = 80°C (L272), Tamp = 50 C (L272M) 1 W 
Tease = 75 C (L272) 5 W 
Tstge Tj Storage and junction temperature a 


-40 to 150 


BLOCK DIAGRAM 


3 -S906A 9.3929 


L272 L272M 
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L272-L272M 


CONNECTION DIAGRAM 
(Top view) 


OUTPUT 1 


$-$9n 


L272M 


$-5905 


L272 


SCHEMATIC DIAGRAM (one only) 


“Vs, 


out 


$-5906/1 


THERMAL DATA 


Powerdip Minidip 


Rth j-case Thermal resistance junction-pins max 


*70°C/W 
Rth j-amb Thermal resistance junction-ambient 


100°C/W 


* Thermal resistance junction-pin 4 


ae CCC Oa SGS-TH 
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ELECTRICAL CHARACTERISTICS (V, = 24V, Tamp = 25 C unless otherwise specified) 


ee ee 
Sew fe Td 

Creeps pe 
Pus [as [ae 
Te socom | fn 
a 
icine [|e 
a 
[a etncennoca [eo 


ee 
= ref» | f* 
= Cpe fe 


Input noise voltage = 20KHz pe ee 


Quiescent drain current 


O.L. voltage gain 


| iy Input noise current noise current = 20K B= 20KH 


Supply voltage rejection 


“on ou 


Vo Output voltage swing 


Channel separation 


Distortion 


Thermal shutdown 
junction temperature 
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L272- L272M 


Fig. 1 - Quiescent current 
vs. supply voltage 


G-6118 


Fig. 4 - Output voltage 
swing vs. load current 
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ILoap!™4) 


Fig. 7 - Channel separation 


vs. frequency 
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Fig. 2 - Quiescent drain 
current vs. temperature 
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Fig. 5 - Output voltage 
swing vs. load current 
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Fig. 3 - Open loop voltage’ -- 
gain 


Fig. 6 - Supply voltage 
rejection vs. frequency 


Common mode 
rejection vs. frequency 
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APPLICATION SUGGESTION 


NOTE 
In order to avoid possible instability occurring — A 100nF capacitor corrected between supply 
into final stage the usual suggestions for the pins and ground; 


linear power stages are useful, as or instance: 


— boucherot cell (0.1 to 0.2uF +192 series) bet- 
— layout accuracy; 


ween outputs and ground or across the load. 


Fig. 9 - Bidirectional DC motor control with uP compatible inputs 
Vs2 


Vs 1= logic supply voltage 


Ey o- OE2 
= (m) <a Must be Veo > Vg} 
Vs) © 


a E1, E2 = logic inputs 
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Fig. 10 - Servocontrol for compact-disc 


FOCUSING 


REFLECTED 
BEAM 
LASER 


INTEGRATED 
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HANDLING 


PHOTODIODES 
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Fig. 11 - Capstan motor control in video recorders 


ANALOG DIGITAL 
INPUT INPUT 
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L272-L272M 


Fig. 12 - Motor current control circuit 


0.4720 $%e 


R5 


36KQ 25KO 10KD 2% ese 
*< 1%, 
Note: The input voltage level is compatible with L291 (5-BIT D/A converter) 


Fig. 13 - Bidirectional speed control of DC motors. 


3° R1 
For circuit stability ensure that Ry > cil where Ry = internal resistance of motor. The voltage 
MM 2R3 ° R1 
available at the terminals of the motor is Vy = 2 ( V, - 5 ) + IRol. Ij, where IR,| = an ae and 
Im is the motor current. Vs ” 


10KO 10Ka 
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L296 
L296P 


HIGH CURRENT SWITCHING REGULATORS 


» 4A OUTPUT CURRENT 

a» 5.1 VTO 40 V OUTPUT VOLTAGE RANGE 

» 0 TO 100 % DUTY CYCLE RANGE 

a PRECISE (+2 %) ON-CHIP REFERENCE 

a SWITCHING FREQUENCY UP TO 200 KHz 

a VERY HIGH EFFICIENCY (UP TO 90 %) 

» VERY FEW EXTERNAL COMPONENTS 

» SOFT START 

» RESET OUTPUT 

« EXTERNAL PROGRAMMABLE LIMITING 
CURRENT (L296P) 

» CONTROL CIRCUIT FOR CROWBAR SCR 

» INPUT FOR REMOTE INHIBIT AND 
SYNCHRONUS PWM 

n THERMAL SHUTDOWN 


DESCRIPTION 


The L296 and L296P are stepdown power switching 
regulators delivering 4 A at a voltage variable from 
5.1 V to 40 V. 


Features of the devices include soft start, remote in- 
hibit, thermal protection, a reset output for micropro- 
cessors and a PWM comparator input for synchro- 
nization in multichip configurations. 


The L296P incudes external programmable limiting 
current. 


PIN CONNECTION (top view) 


} 


Tab connected to pin 8 


September 1988 


The L296 and L296P are mounted in a 15-lead Mul- 
tiwatt® plastic power package and requires very few 
external components. 


Efficient operation at switching frequencies up to 
200 KHz allows a reduction in the size and cost of 
external filter components. A voltage sense input 
and SCR drive output are provided for optional 
crowbar overvoltage protection with an external 
SCR. 


Multiwatt® 
(15-lead) 


ORDER CODES : 
L296HT 
L296PHT 


CROWBAR ORIVE 
RESET OUTPUT 
RESET DELAY 
RESET INPUT 
OSCILLATOR 
FEEDBACK INPUT 
FREQUENCY COMPENSATION 
GROUND 

SYNC. INPUT 
INHIBIT INPUT 
SOFT-START 
CURRENT LIMIT 
SUPPLY VOLTAGE 
OUTPUT 
CROWBAR_ INPUT 


L296-L296P 


ABSOLUTE MAXIMUM RATINGS 


Symbol Test Conditions | Unit 
Input Voltage (pin 3) v 
Input to Output Voltage Difference 


Vo Output DC Voltage = 
Output Peak Voltage at t = 0.1 usec f = 200KHz - ee 
ae Vio Voltage at Pins 1, 12 
Voltage at Pin 15 
Va, - Voltage at Pins 4, 5, 7, 9 and 13 8 5 
V7, Vo, Viz 


—|—)S <—)< 


Vio, V6 Voltage at Pins 10 and 6 
Via Voltage at Pin 14 (l14 < 1 mA) 
Ig Pin 9 Sink Current 
re Pin 11 Source Current 


l14 


eee ae 
T,, T stg 


Pin 14 Sink Current (Vi4 <5 V) 2 
Power Dissipation at Tcase $ 90 °C = 
Junction and Storage Temperature 


THERMAL DATA 


Rth j-case Thermal Resistance Junction-case 


Rthj-amb | Thermal Resistance Junction-ambient 


BLOCK DIAGRAM 


CROWBAR cone 
INPUT 


B 
CJ current 
LIMIT 


1 1§ 


=z 


oJ 
RESET INPUT 


RESET OUTPUT 


RESET DELAY 


5-98363 | 


INHIBIT 
INPUT 
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PIN FUNCTIONS 


1 CROWBAR INPUT Voltage Sense Input for Crowbar Overvoltage Protection. Normally 
connected to the feedback input thus triggering the SCR when V out | 
exceeds nominal by 20 %. May also monitor the input and a voltage | 
divider can be added to increase the threshold. Connected to 
ground when SCR not used. 


OUTPUT Regulator Output. 


3 SUPPLY VOLTAGE Unrergulated Voltage Input. An internal Regulator Powers the L296s | 
Internal Logic. 


L296-L296P 


Function 


4 CURRENT LIMIT A resistor connected between this terminal and ground sets the | 
current limiter threshold. 
If this terminal is left unconnected the threshold is internally set (see | 
electrical characteristics). | 


5 SOFT START Soft Start Time Constant. A capacitor is connected between this | 
terminal and ground to define the soft start time constant. This 
capacitor also determines the average short circuit output current. 
6 


INHIBIT INPUT TTL — Level Remote Inhibit. A logic high level on this input disables ! 
the device. 
7 SYNC INPUT Multiple L296s are synchronized by connecting the pin 7 inputs 
together and omitting the oscillator RC network on all but one 
device. 


8 | GROUND Common Ground Terminal. 


FREQUENCY A series RC network connected between this terminal and ground 
COMPENSATION determines the regulation loop gain characteristics. _ 
10 


FEEDBACK INPUT 


OSCILLATOR 


RESET INPUT 


RESET DELAY 


The Feedback Terminal on the Regulation Loop. The output is 
connected directly to this terminal for 5.1 V operation ; it is 
connected via a divider for higher voltages. 


A parallel RC networki connected to this terminal determines the 
switching frequency. This pin must be connected to pin 7 input 
when the internal oscillator is used. 


Input of the Reset Circuit. The threshold is roughly 5 V. It may be 
connected to the feedback point or via a divider to the input. 


A Capacitor connected between this terminal and ground 
determines the reset signal delay time. 


RESET OUTPUT Open collector reset signal output. This output is high when the 
supply is safe. 


11 
12 
13 
14 
CROWBAR OUTPUT | SCR gate drive output of the crowbar circuit. 


——— oy 


CIRCUIT OPERATION (refer to the block diagram) 


The L296 and L296P are monolithic stepdown swit- 
ching regulators providing output voltages from 
5.1 V to 40 V and delivering 4 A. 


The regulation loop consists of a sawtooth oscilla- 
tor, error amplifier, comparator and the output stage. 
An error signal is produced by comparing the output 
voltage with a precise 5.1 V on-chip reference (ze- 
ner zap trimmed to + 2 %). This error signal is then 
compared with the sawtooth signal to generate the 
fixed frequency pulse width modulated pulses which 


drive the output stage. The gain and frequency sta- 
bility of the loop can be adjusted by an external RC 
network connected to pin 9. Closing the loop direct- 
ly gives an output voltage of 5.1 V. Higher voltages 
are obtained by inserting a voltage divider. 


Output overcurrents at switch on are prevented by 
the soft start function. The error amplifier output is 
initially clamped by the external capacitor Css and 
allowed to rise, linearly, as this capacitor is charged 
by a constant current source. 
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Output overload protection is provided in the form 
of a current limiter. The load current is sensed by an 
internal metal resistor connected to a comparator. 
When the Icad current exceeds a preset threshold 
this comparator sets a flip flop which disables the 
output stage and discharges the soft start capacitor. 
A second comparator resets the flip flop when the 
voliage across the soft start capacitor has fallen to 
0.4 V. The output stage is thus re-enabled and the 
output voltage rises under control of the soft start 
network. If the overload condition is still present the 
limiter will trigger again when the threshold current 
is reached. The average short circuit current is limi- 
ted to a safe value by the dead time introduced by 
the soft start network. 


The reset circuit generates an output signal when 
the supply voltage exceeds a threshold program- 
med by an external divider. The reset signal is ge- 
nerated with a delay time programmed by an exter- 
nal capacitor. When the supply falls below the thres- 


Figure 1 : Reset Output Waveforms. 


OUTPUT NOW 
STABLE RESET 
GOES HIGH 


HYSTERESIS | 


RESET 
THRESHOLD 


MONITORED 
VOLTAGE 
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hold the reset output goes low immediately. The re- 
set output is an open collector. 


The scrowbar circuit senses the output voltage and 
the crowbar output can provide a current of 100 mA 
to switch on an external SCR. This SCR is triggered 
when the output voltage exceeds the nominal by 
20 %. There is no internal connection between the 
output and crowbar sense input therefore the crow- 
bar can monitor either the input or the output. 


A TTL- level inhibit input is provided for applications 
such as remote on/off control. This input is activa- 
ted by high logic level and disables circuit operation. 
After an inhibit the L296 restarts under control of the 
soft start network. 

The thermal overload circuit disables circuit opera- 
tion when the junction temperature reaches about 
150 °C and has hysteresis to prevent unstable 
conditions. 


AN INTERRUPTION 


OF SUPPLY CAUSES 


RESET OF MICRO 


AT POWER DOWN 
MICRO 1S INHIBITED 
IMMEDIATELY 


S-$837/1 
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CIRCUIT OPERATION (continued) 
Figure 2 : Soft Start Waveforms. 


OSCILLATOR CLAMPED ERROR 
OUTPUT AMP OUTPUT 


NOMINAL 


™ SSASSNINN 
our 4 - 4 


SOFT START RAMP \ S-5835 


Figure 3 : Current Limiter Waveforms. 
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ELECTRICAL CHARACTERISTICS (refer to the test circuits T; = 25 °C, V; = 35 V, unless otherwise 


specified) 


[Symbol] Parameter [Test Conditions | Win. [Typ. [Max. | unit [Fig 


DYNAMIC CHARACTERISTICS 


Vo Output Voltage Range V,=46V =1A / Ver | | 40 | vi | 
V, | Input Voltage Range | Vo=Veito S6V I<9A ara ene Se 
~ aa ee Voltage Range Note (1) Vo = Vrer to 36 VIL =4A | ff ae |v 


Line | AVo | Line Regulation = 


Load Regulation 
Vo = Veet 


Internal Reference Voltage 


Average Temperature 
Coefficient of Reference 
Voltage 


Dropout Voltage Between 
Pin 2 and Pin 3 


Current Limiting Threshold 


| Input Average Current 
Efficiency 


Supply Voltage Ripple 
aie 
Switching | | Switching Frequency _| 
Voltage Stability of 
Switching Frequency 


Temperature Stability of 
Switching Frequency 


Maximum Operating 
Switching Frequency 


Thermal Shutdown 
Junction Temperature 


(pin 6 to GND unless otherwise specified) 


V 


S10VI040ViVo=Veer lo =2A | | 15 | 50 | mv 
l=2Ato4A | | 10 race 
lo =0.5 Ato 4 A mee 18 


AH; APLHRILHI HPI RITA 


a aia 


Pin 4 Open 


[Paaopen [8 [7 a Ta | 
Vi=9Vto 40 V 


Rim = 22 KQ 2.5 Pa 4.5 
Vo = Vret 
V, =46 V; Output Short-circuited | | 60 | 100 | mA 


L296 
Vi =9Vto 40 V 
Vo = Viet to 36 V 


85 
T 


Ip =3A a ee ee eee 
AV; = 2 Vems fnppte = 100 Hz 50 | 56 4 
aes lo =2A 
100 | 115 | KHz | 4 
% 4 


)=0 °C to 125 °C 


Vo EV laced A 


1 
| 200 
135 | 145 


Note (2) 


DC CHARACTERISTICS 


Quiescent Drain Current 


Output Leakage Current 


V.=46V V7=0V 
$1:B 

$2 :B 

V,=46V,V, =3 V, 
S1:B, S2:A, V7 =O V 


Note (1) ‘Using min. 7 A schottky diode 


(2) : Guaranteed by design, not 100 % 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter Test Conditions in. Max. | Unit | Fig. 


SOFT START 
Source Current ; Ve =O0V, Vs =3V 


Sink Current Ve=3V, V5 =3V 


INHIBIT 


High Input Voltage V7 =0V 


— let Input Current with Low V,.=9Vto 46 V 


Input Voltage 


V7 =0V 


$1:B 
S$2:B | 


Von | High Level Output Voltage | Vio = 4.7 V, Io = 100 pA, S1:A,S2:A] 35 | Vv | 6c 
VoL 


9 
9 Low Level Output Voltage | Vi9 = 5.3 V, lg = 100 HA, S71: 0.5 V 6c 
ly 


Input Current with High 
Input Voltage 


ERROR AMPLIFIER 


los Sink Output Current Vio = 5.3 V, S1:A,S2:B] 100 150 uA 6c | 


—Igs5o } Source Output Current Vi0 = 4.7 V, $1:A,S2:D; 100 | 150 A 6c 


0 Input Bias Current Vio =5.2 V, $1:B 2 10 LA | 6c | 
Vio =6.4 V, Si :B, L296P 2 10 pA 6c | 
B 
Vv 


G DC Open Loop Gain Vo =1Vto3V, S1:A,S2:C| 46 | 55 | d 6c | 


OSCILLATOR AND PWM COMPARATOR 


-l7 Input Bias Current of V7=05Vto35V 
PWM Comparator 


—|41 | Oscillator Source Current | V1; =2 V, 


RESET 


Rising Threshold Voltage | V, =9 V to 46 V, 


| Falling Threshold Voltage 


Delay Thershold Voltage 


Delay Threshold Voltage 
Hysteresis 


Vias Output Saturation Voltage | 1,4 =16 mA; Vi2 =4.7 V; S1, S2:B Loa ihve F 
Input Bias Current Vio =O Vto Veer, $1:B,S2:B Ee te Be | 
Delay Source Current Vig =3V Vi2 =5.3 V 


uA 
143 51 Delay Sink Current Si cA mA 
ly4 


82 :B ; 
V, = 46 V, Vie = 5.3 V, 


Output Leakage Current 
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ELECTRICAL CHARACTERISTICS (continued) 
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit Fig. | 


CROWBAR 


Input Threshold Voltage 
Output Saturation Voltage 


V,=9 V to 46 V, 
lis =5 mA S1:A 


V; =6V, S1:B 


V,=9 V to 46 V, 
Vis =2V 


Input Bias Current 
Output Source Current 


Figure 4 : Dynamic Test Circuit. 


R Set 
O 


CROWBAR R3 


Vj 


‘em ] 
(*) spe tOuF 
63V 
C2 eccincstemal 
2.21 F 
GNDO 


INHIBIT 


C7, C8 : EKR (ROE) 
L1°L=300uH at8A Core type * MAGNETICS 58930 - A2 MPP 
N°’ turns :43 Wire Gauge : 1mm (18 AWG) COGEMA 946044 


(*) Minimum suggested value (10 ,1F) to avoid oscillations Ripple consideration leads to typical value of 1000 uF or higher. 
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Figure 5 : PC. Board and Component Layout of the Circuit of Figure 4 (1:1 scale). 
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Figure 6 : DC Test Circuits. 
Figure 6a. Figure 6b. 


Voltmeter with input impedance 5OMN. 


Figure 6c. 


1 - Set Vio FOR V9 =1 V 
2 - Change Vio to obtain Vg = 3 V 
2V 


= % Voltmeter with input impedance 50MN. 
AVi0 AVio 


Figure 6d. 
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Figure 7 : Quienscent Drain Current vs. Supply 


Voltage (0 % Duty Cycle - see fig. 6a). 


|e ao 


0 10 20 30 40 V,(V) 


Figure 9 : Quiescent Drain Current vs. Junction 
Temperature (0 % Duty Cycle - 
see fig. 6a). 


Figure 8 : Quienscent Drain Current vs. Supply 
Voltage (100 % Duty Cycle see fig. 6a). 


) 10 20 30 40 Vv, (V) 


Figure 10 : Quiescent Drain Current vs. Junction 
Temperature (100 % Duty Cycle - 
see fig. 6a). 


-25 O 25 50 75 100 125 150 FW) 


Figure 11 : Reference Voltage (pin 10) vs. V| 
(see fig. 4). 


G-32% 


-25 O 25 50 75 100 125 150 TCC) 


Figure 12 : Reference Voltage (pin 10) vs. Junction 
Temperature (see fig. 4). 


G-S21S/1 
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Figure 13 : Open Loop Frequency and Phase Figure 14 : Switching Frequency vs. Input 
Response of Error Amplifier Voltage (see fig. 4). 
(see fig. 6c). 


Vos 


.\ 


Aves 


PT ZENS: 
eee ee ae 


1 10 100 1K 10K 100K iM f (Hy) 10 5% 20 25 30 35 40 45 v, (Vv) 
Figure 15 : Switching Frequency vs. Junction Figure 16 : Switching Frequency vs. R1 
Temperature (see fig. 4). (see fig. 4). 
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Figure 19 : Supply Voltage Ripple Rejection vs. Figure 20 : Dropout Voltage Between Pin 3 and 
Frequency (see fig. 4). Pin 2 vs. Current at Pin 2. 


G-$220 G -5216 


(Vv) 


cH 
TSC 
Wat 


MIN 
if 


Bill | 
AME 
A ET 
UE Va 
MAY 


1 10 100 1K t(Hz) 


¢ . 
-$—— + 


Figure 21 : Dropout Voltage Between Pin 3 and Figure 22 : Power Dissipation Derating Curve. 
Pin 2 vs. Junction Temperature. 


aoe ele fle! 

inase 
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io esnees 
os a 


75 O 25 50 75 100 25 150 yeo) 0 50 100 Tambd (°C) 
Figure 23 : Power Dissipation (device only) vs. Figure 24 : Power Dissipation (device only) vs. 
Input Voltage. Input voltage. 
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Figure 26 : Power Dissipation (device only) vs. 


Figure 25 : Power Dissipation (device only) vs. 


Output Voltage (see fig. 4). 


Output Voltage (see fig. oe 


G 4915 


10deMBR 045 (Schottky ) 


: Efficiency vs. Output Current. 
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Figure 28 


Figure 27 : Voltage and Current Waveforms at Pin 2 
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Figure 30 


Figure 29 : Efficiency vs. Output Voltage. 
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Figure 31 : Current Limiting Threshold vs. Rpin4 Figure 32 : Current Limiting Threshold vs. Junction 
(L296P only). Temperature. 
| 1 
7 Aaa OS 
assess 
a | dito | | | LT | 
PEPE eee lade 
St tt 
ee es ed Phe iecctdeeal Siew 
eRe eee eee 6 So 
near anes 
po pe Ed er ee 
2 Skate? aches eee 5 
7 kee = aes eee eee 
nn aan neces 
FE GeP RARER ESE : 
yet alee Tails le else Ar td 
1 UE a test 
Ae REESE 
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-50 -25 0 25 50 75 100 T, (CC) 


Figure 33 : Current Limiting Threshold vs. 
Supply Voltage. 
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APPLICATION INFORMATION 
Figure 34 : Typical Application Circuit. 


INHIBIT Sreesors 


(*) Minimum value (10 pF) to avoid oscillations ; ripple consideration leads to typical value of 1000 uF or higher L1 : 58930 - MPP COGEMA 
946044 ; GUP 20 COGEMA 946045 


SUGGESTED INDUCTOR (L1) 


Core Type No Turns | Wire Gauge | eo Air Gap 


Magnetics 58930 — A2MPP 43 1.0 mm ~ 
Thomson GUP 20 x 16 x 7 65 0.8 mm 1 mm 


Siemens EC 35/17/10 
(B6633& — GO500 — X127) 40 2x0.8 mm = | 


VOGT 250 wH Toroidal Coil, Part Number 5730501800 


= 


Resistor Values for Standard Output Voltages 


Vo R8 R7 
12V 4.7 KQ 6.2 KQ 
15V 4.7 KQ 9.1 KQ 
18 V 4.7 KQ 12 KQ 
24V 4.7 KQ 18 KQ 

nes {a SGS-THOMSON 
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Figure 35 : P.C. Board and Component Layout of the Circuit of fig. 34 (1:1 scale). 
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SELECTION OF COMPONENT VALUES (see fig. 34) 


Component Recommended Purpose Allowed Rage Notes 
Value Min. Max. 


Vimin min 
R1 ~ Set Input Voltage R1I/R2 = 
R2 100 kQ Threshold for If output ies is 
Reset. 220 kQ | sensed R1 and R2 may 
be limited and pin 12 
connected to pin 10. 
R3 4.3 kQ Sets Switching 100 kQ 
Frequency 


R4 10 kQ Pull-down Resistor 22 kQ | May be omitted and pin 6 
grounded if inhibit not 
—_ 


R5 15 kQ Frequency 10 Pee 
Compensation 


Collector Load |" | _ if reset function 
Reset Output _— not used. 
- ivi - Vo-V 
Le Divider to Set A7/Re =~ 2 et 
4.7 kQ Output Voltage 10 kQ Vici 


a Sets Current Limit 7.5 kQ If Rim is omitted and 
pin 4 left open the 
current limit is internally 
fixed. 


Level 
— 10 uF Stability 2.2 WF a 


2.2 UF Sets Reset Delay Lows bies 
——_ 2.2  22nF Sets Switching 
Frequency 


Frequency 
_Compensation 


Omitted if reset function 
not used. 


C6 High Frequency Not required for 5 V 
Compensation operation. 
C7, C8 
L1 ee 
Q1 The SCR must be able to 
withstand the peak 
discharge current of the 
output capacitor and the 
short circuit current of the 
device. 
D1 Recirculation Diode 7A Schottky or 35 ns tr 
Diode. 
Wes ee SGs-THOMsON 
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Figure 36 : A Minimal 5.1 V Fixed Regulator. Very Few Components are Required. 


C) e10V toe 46V 
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Figure 38 : Programmable Power Supply. 


BOVA 


BY251 


2x3300uF 
20VH— 50V 


20VH— 
BY251 


$-5832/5 


Vo=9.1to 15 V 

lo = 4A max. (min load current = 100 mA) 

ripple < 20 mV 

load regulation (1 A to 4 A) = 10 mV (Vo =5.1 V) 

line regulation (220 V+ 15% and tolo=3 A) =15 mV (V_=5.1 V) 


Figure 39 : Preregulator for Distributed Supplies. 
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(") L2 and C2 are necessary to reduce the switching frequency spikes 
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Figure 40 : In Multiple Supplies Several L296s Figure 41 : Voltage Sensing for Remote Load. 
can be Synchronized As Shown. 


$-5976 71 


$°58297 


Figure 42 : A 5.1 V/15 V/24 V Multiple Supply. Note the Synchronization of the Three L296s. 
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Figure 43 : 5.1 V/2 A Power Supply using External Limiting Current Resistor and Crowbar Protection on 


the Supply Voltage (L296P only). 


SOFT-START AND REPETITIVE POWER-ON 


When the device is repetitively powered-on, the soft- 
start capacitor, Css, must be discharged rapidly to 
ensure that each start is "soft". This can be achie- 
ved economically using the reset circuit, as shown 
in Fig. 44. 


In this circuit the divider R1, R2 connected to pin 12 
determines the minimum supply voltage, below 
which the open collector transistor at the pin 14 out- 
put discharges Css. 


Figure 44. 


22/23 


5.1V/2A 
O 


The approximate discharge times obtained with this 
circuit are : 


If these times are still too long, an external PNP 
transistor may be added, as shown in Fig. 45 ; with 
this circuit discharge times of a few microseconds 
may be obtained. 


Figure 45. 


re) 14 
$-9479 
Css 
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HOW TO OBTAIN BOTH RESET AND POWER FAIL 


Figure 46 illustrates how it is possible to obtain at 
the same time both the power fail and reset func- 
tions simply by adding one diode (D) and one resis- 
tor (R). 

In this case the reset delay time (pin 13) can only 
start when the output voltage is Vo = VrReF - 100 mV 
and the voltage across R2 is higher than 4.5 V. 


With the hysteresis resistor itis possible to fix the in- 
Figure 46. 


put pin 12 hysteresis in order to increase immunity 
to the 100 Hz ripple present on the supply voltage. 
Moreover, the power fail and reset delay time are 
automatically locked to the soft start. Soft start and 
delayed reset are thus two sequential functions. 


The hysteresis resistor should be in the range of 
about 100 KQQ and the pull-up resistor of 1 to 2.2 KQ. 


PULL- UP RESISTOR 


O 
RESET OUT 
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VERY LOW DROP 5V REGULATOR 


» PRECISE OUTPUT VOLTAGE (5 V+ 4%) 

a VERY LOW DROPOUT VOLTAGE 

a» OUTPUT CURRENT IN EXCESS OF 500mA 

ws POWER-ON, POWER-OFF INFORMATION 
(RESET FUNCTION) 

w HIGH NOISE IMMUNITY ON RESET DELAY 
CAPACITOR 


DESCRIPTION 


The L387A is a very low drop voltage regulator in 
a Pentawatt® package specially designed to pro- 
vide stabilized 5V supplies in consumer and indus- 
trial applications. Thanks to its very low input/out- 
put voltage drop this device is very useful in batte- 
ry powered equipment, reducing consumption and 
prolonging battery life. A reset output makes the 


ABSOLUTE MAXIMUM RATINGS 


Parameter 
Forward Input Voltage 
Operating Temperature Range 


Storage and Junction Temperature 


L387A particularly suitable for microprocessor sys- 
tems. This output provides a reset signal when po- 
wer is applied (after an external programmable de- 
lay) and goes low when power is removed, inhibi- 
ting the microprocessor. An hysteresis on reset 
delay capacitor raises the immunity to the ground 
noise. 


Pentawatt® 


ORDER CODE :L387A 


~ 40 to + 125 
~ 40 to + 150 


APPLICATION CIRCUIT 


* Min 33 uF and max. ESR <3 Q over temperature range. 


September 1988 


OUTPUT 
VOLTAGE 
©) 


OUTPUT 


S- 5896/1 
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CONNECTION DIAGRAM (top views) 


7 +VoutT 
4(.__ > ~ DELAY CAPACITOR (Cd) 
c | Tes. GROUND 
Oligo RESET OUTPUT 


ia + Vin 


(tab connected to pin 3) S- 5307 


BLOCK DIAGRAM 


PNP QUTPUT 
TRANSISTOR 


_ - OUTPUT 
F rips Zt cuRRENT 


a LIMITER 


~~ T {7 
THERMAL RESET 
PROTECT. CIRCUIT 

L 


DELAY 
O CAPACITOR 


THERMAL DATA 


Rth}case| Ihermal Resistance Junction-case Max 
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ELECTRICAL CHARACTERISTICS (refer to the test circuit, V, = 14.4 V, T, = 25 °C, C, = 100 uF; 
unless otherwise specified) 


Parameter 


Output Voltage 


Test Conditions 


lb =5mAto500mA_ T, =25 °C 
~40<T,< 125°C 


— 


Operating Input 
Voltage 

Line Regulation 
Load Regulation 


Dropout Voltage 


77 


(see note **) 


(*), Over Full T Range (— 


40 to 125 °C) 


V,=6Vto 26V 


= 350 mA 
lo = 500 mA 


lb =5 mA to 500 mA 


lo = 5 mA 


Vo = Vonom — 100 mV 


Quiescent Current 


Temperature 
Output Voltage Drift 


Supply Voltage 
Rejection 


~” > 
> 
eithel “lif 


Reset Output 
Voltage 


Reset Output 
Leakage Current 


Delay Time for 


a 


= 350 mA 
Co = 100 uF 


IR =3mA 
Ip =16 mA 
Over Full T (- 


V. in Regulation 


=OmA 
=150mA 
= 350 mA 
= 500 mA 


f = 120 Hz 
Vi =12V+t5 Vpp 


Output Short Circuit A 
Current 


1<V, < 4.75 V 
15<V, <4.75 V 


40 °C < T, < 125 °C) 


Over Full T Range _ 


Cd = 100 nF 


Reset Output 


Over Full T Range 


Ic4 Charging Current 
(Current generator) 
| VRt (on) | Power on Vo @ Reset out L to H Transition , Over Vat (off) Vo 
Vo Threshold Full T Range i+ 0.05 V|- 0.04 V 
Threshold 
in Vs @ Reset out Lto H Transition Pepe 


Hysteresis Voltage | Over Full T Range 


(*) Fora DC voltage 26 < Vi < 35 V the device ts not operating. 
(**) Design limits are guaranteed (but not 100 % production tested) over the indicated temperature and supply voltage ranges. 
These limits are not used to calculate outgoing quality levels. 
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Figure 1 : Dropout Voltage vs. Output Current. 
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Figure 3 : Output Voltage vs. Temperature. 
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Figure 2 : Quiescent Current vs. Output 
Current. 
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2 EIGHT DARLINGTONS PER PACKAGE 

» OUTPUT CURRENT 400 mA PER DRIVER 
(500 mA PEAK) 

» OUTPUT VOLTAGE 90 V (VcE (sus) = 70 V) 

» INTEGRAL SUPPRESSION DIODES FOR IN- 
DUCTIVE LOADS 

» OUTPUTS CAN BE PARALLELED FOR HI- 
GHER CURRENT 

» TTL/ CMOS / PMOS / DTL COMPATIBLE IN- 
PUTS 

» INPUTS PINNED OPPOSITE OUTPUTS TO 
SIMPLIFY LAYOUT 


DESCRIPTION 


The L601, L602, L603 and L604 are high voltage, 
high current darlington arrays each containing eight 
open collector darlington pairs with common emit- 
ters. Each channel is rated at 400 mA and can with 
stand peak currents of 500 mA. Suppression diodes 
are included for inductive load driving and the inputs 
are pinned opposite the outputs to simplify board 
layout. 


ABSOLUTE MAXIMUM RATINGS 


Collector Emitter Voltage (Input open) 


Input Voltage (for L602, L603 and L604) 


Pie Input Current (for L601 only) 


Prot Total Power Dissipation a Tamb = 25°C 


Top Operating Junction Temperature 


September 1988 


L601-L603 
L602-L604 


DARLINGTON ARRAYS 


The four versions interface to all common logic fa- 
milies : 


These versatile devices are useful for driving a wide 
range of loads, including solenoids, relays DC mo- 
tors, LED displays, filament lamps, thermal prin- 
theads and high power buffers. 


The L601, L602, L603 and L604 are supplied in 18 
pin plastic DIP packages with a copper leadframe 
to reduce thermal resistance. 


DIP-18 
(Plastic) 


ORDER CODES: L601C, L603B 
L602B, L604B 


L601-L602-L603-L604 


PIN CONNECTIONS (top view) 


IN 1 18 OUT 1 
IN 2 —{]17 Out 2 
IN 3 16 OuT 3 
IN 4 15 OUT 4 
IN 5 16 OUT 5 
IN 6 13, OUT 6 
IN 7 12 OUT 7 
IN 8 11. OUT 8 
Se J WHEELING DIODES 
$—3490/2 
SCHEMATIC DIAGRAMS 
L601 L602 


| 
| | 
| | 
| 


Le. = Re et ees ea de ee eae 


EACH DRIVER EACH DRIVER 


L603 L604 


| 
! : 
| l 
1 
a” Ss 

EACH DRIVER 


L 1 
EACH DRIVER 
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L601-L602-L603-L604 


THERMAL DATA 


Rthy-amb | Thermal Resistance Junction-ambient Max °C/W 


ELECTRICAL CHARACTERISTICS (Tamb = 25 °C, unless otherwise specified) 


VceEs at) | Collector Emitter Saturation | Ic = 300 mA Ig = 500 nA V 
Voltage Ic = 200 mA Ig = 350 pA re V 
lc = 100 mA Ip =250 pA 1.2 V 

N FE DC Forward Current Gain 


(L601 only) 


Voce =3V Ic = 300 mA 

for L602 11.5 V 
for L603 2.5 V 
for L604 5 V 


Minimum Input Voltage 
(ON condition) 


Vi, Maximum Input Voltage Voce = 90 V Ic = 25 uA 
(OFF condition) for L601 0.55 V 
for L602 V 
for L603 V 
for L604 V 
50 uA 


Clamp Diode Reverse 
Current 

Clamp Diode Forward lr = 300 mA 

Voltage 


a oe 


Turn-off Delay 0.5 V, to 0.5 Vo 


toff 


ky S&S:THOMSON ke 
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2A QUAD DARLINGTON SWITCH 


ge SUSTAINING VOLTAGE : 70 V 

a 2A OUTPUT 

a HIGH CURRENT GAIN 

» IDEAL FOR DRIVING SOLENOIDS, DC MO- 
TORS, STEPPER MOTORS, RELAYS, DIS- 
PLAYS, ETC. 


Multiwatt-11 


DESCRIPTION 


The L702 is a monolithic integrated circuit for high 
current and high voltage switching applications. It Powerdip 8 + 8 
comprises four darlington transistors with common 
emitter and open collector suitable for current sin- 
king applications mounted on the new POWERDIP 
and Multiwatt® packages. 


BY Aisne ce ORDER CODES: _ L702B - Powerdip 
This circuit reduces components, sizes and costs ; L702N - Multiwatt 


it can provide direct interface between low level lo- 
gic and a variety of high current applications. 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 


VceEX Collector-emitter Voltage (input open) a ae 


Total Power Dissipation at Tpn 9 to 16 < 90 “C 4 Ww 
} Powerdip 

1.4 W 

W 


Total Power Dissipation at Tamp < 70 °C 

Total Power Dissipation at Tcase $ 90 “C Multiwatt 
Storage Temperature — 55 to 150 aes 
Tr [Opeetngsuncton Tenpeae ——=OSC*C*~“‘“‘*S*sSCS*S*~C Bw] 
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L702 


STEPPING MOTOR BUFFER 


CONNECTION DIAGRAMS (top view) 
Powerdip Multiwatt 


THE TAB IS CONNECTED TO PIN 6 S-3749 


a4 Kj 8&S:THOMSON 
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L702 


THERMAL DATA 


Rthj-amb | Thermal Resistance Junction Ambient } Powerdip 


Rth-pins 9/16 | Thermal Resistance Junction Pins 9 to 16 
Rth j-case Thermal Resistance Junction-case Multiwatt 


ELECTRICAL CHARACTERISTICS (Tease = 25 ‘C unless otherwise specified) 


Output Leakage Current Vce = 90 V 


Vcesust) | Collector Emitter (°) Sustaining Ic = 100 mA 
Voltage 
VceEis at) | Collector Emitter Saturation lc =1.25A 
Voltage L=2mA 
here DC Forward Current Gain Ic=1A 1000 | 4000 
VcE=3 V 
Input Current V,=3.75V 
Vi=2.4V 
Open Collector 
V, | Input Voltage Off Condition | Vee =70V icsOima | 
On Condition | Vce=3V Ic21A 


Turn On Time Vs5=12V 


Toft Turn Off Time Ri. =10Q 


oO 


Typ. 
10 
70 


— on 


7 
3 


<<] 32 


11 
6 
4 


0 


. 


0.3 


Figure 2 : ton and tof Test Circuit. 
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Collector Emitter Saturation 
Voltage vs. Collector Current. 


Figure 4: 


\. 


ly 


: Peak Collector Current vs. Duty 
L702B on 


Cycle and Number of Outputs 


( 


Figure 3 
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L2720/2/4 


LOW DROP DUAL POWER OPERATIONAL AMPLIFIERS 


OUTPUT CURRENT TO 1A 
OPERATES AT LOW VOLTAGES 
SINGLE OR SPLIT SUPPLY 


LARGE COMMON-MODE AND DIFFER- 
ENTIAL MODE RANGE 


LOW INPUT OFFSET VOLTAGE 
GROUND COMPATIBLE INPUTS 

LOW SATURATION VOLTAGE 
THERMAL SHUTDOWN 

@® CLAMP DIODE 

The L2720, L2722 and 12724 are monolithic in- 
tegrated circuits in powerdip, minidip and SIP-9 
packages, intended for use as power operational 


amplifiers in a wide range of applications in- 
cluding servo amplifiers and power supplies. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
Vs Peak supply voltage (50ms) 
V; Input voltage 
V; Differential input voltage 


DC output current 


case 


Storage and junction temperature 


BLOCK DIAGRAMS 


e Vs 


5.39064 


L2720 


June 1988 


Peak output current (non repetitive) 

Power dissipation at Tamp = 80 C (L2720), Tamp = 50°C (L2722) 
75°C (L2720) 

Tease = 50°C (L2724) 


PRELIMINARY DATA 


They are particularly indicated for driving, in- 
ductive loads, as motor and finds applications 
in compact-disc VCR automotive, etc. 


The high gain and high output power capability 
provide superior performance whatever an opera- 
tional amplifier/power booster combination is 
required. 


Powerdip Minidip 
(8 + 8) Plastic 
ORDERING NUMBERS: 
L2720 L2722 L2724 


50 V 
Vs 
+ V 

1 A 

1.5 A 

1 WwW 

5 WwW 

10 Ww 

“C 


$-3929 


L2722 L2724 
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CONNECTION DIAGRAMS 
(Top view) 


output 1{}1 16 1]GND OUTPUT 1 8 |] INpUT-1 


V 
s 15 []GND SUPPLY VOLTAGE [] 2 7 [J inputs 
6 || INPUT.2 


GND § ||inpuT-2 
INPUT-2 121] GND 


$-$91 


L2722 


INPUT. 2 111]GND 


INPUT«} 10]]GND 


INPUT -1 


35-3905 


L2720 


SCHEMATIC DIAGRAM (one section) 


out 


: 
PROTEC ee’ 


THERMAL 
PROTECTION 


S-9526 


THERMAL DATA Powerdip | Minidip 


Rth j-case Thermal resistance junction-pins max 
Rth jeamb Thermal resistance junction-albient 


10°C/W 
70°C/W 


*70°C/W 
100°C/W 


15°C/W 
70°C/W 


* Thermal resistance junction-pin 4. 


2/7 - 
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ELECTRICAL CHARACTERISTICS (v, = 24V, T,,,5 = 25°C unless otherwise specified) 


Vs Single supply voltage 
V Split supply voltage 


$s 
I, Quiescent drain current 


Ib Input bias current 
Vos Input offset voltage 


Rj 
Gy O.L. voltage gain 


SVR 


Supply voltage rejection 


Cs 


Channel separation 


“A 
re) 


> 


200 U/|t 
owo < 


V, = +2.5V to +12V 


Thermal shutdown 
junction temperature 


i SGS-THOMSON ___sCCi‘“‘(‘“‘“C;CC 
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L2720/2/4 


Fig. 1 - Quiescent current 
vs. supply voltage 


Fig. 4 - Output swing vs. 
load current (V, = + 5V) 


400 600 tLoaptmA) 


Fig. 6 - Supply voltage 
rejection vs. frequency 


2 


10° f (Hz) 


Fig. 2 - Open loop gain vs. 
frequency 


405 


Fig. 3 - Common mode 
rejection vs. frequency. 
ee OM oor 


PTT TTT vs 24TH 
PUTIN TTT TTT TTT 
1 HT LT 


UU TTA LT 
TE TE 


3 4 
10 #(Hz) 10 10 10 10 1 (Hz, 


Fig. 5 - Output swing vs. 
load current (V, = + ae 


ae eee 


Fig. 7 - Channel separation 
vs. frequency 
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APPLICATION SUGGESTION 


In order to avoid possible instability occurring 
into final stage the usual suggestions for the 
linear power stages are useful, as for instance: 
— layout accuracy; 


— A 100nF capacitor connected between supply 
pins and ground; 


L2720/2/4 


— boucherot cell (0.1 to 0.2 wF + 192 series) bet- 
ween outputs and ground or across the load. 
With single supply operation, a resistor (1K&2) 
between the output and supply pin can be 
necessary for stability. 


Fig. 8 - Bidirectional DC motor control with uP compatible inputs 


Fig. 9 - Servocontrol for compact-disc 


REFLECTED 
BEAM 


PHOTODIODES 
LASER 


_ 


$-9475/1 


Fig. 10 - Capstan motor control in video recorders 


INTEGRATED 
SIGNAL 
HANDLING 


Vs ,= logic supply voltage 
Must be Vgo > Vez 
E1, E2 = logic inputs 


$-5931/ 


1 
FOCUSING 


TRACKING 


DIGITAL 
INPUT 


$-9477 
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L2720/2/4 - 


Fig. 11 - Motor current control circuit 


36KQO 2.5KO 10KQO 2% 
*< 1%, 


Note: The input voltage level is compatible with L291 (5-BIT D/A converter) 


$-5930/1 


Fig. 12 - Bidirectional speed control of DC motors. 


2R3 ° R1 ; 
For circuit stability ensure that Ry > R where Rry = internal resistance of motor. The voltage 
MM V, 2R° Ri 
available at the terminals of the motor is Vy = 2 ( V, - ) + IRQl. In where IRo| = a aa and 
Im is the motor current. S 


10 KN 10KN 
$-§909/2 
Sa a ee je SGS-THOMSON 
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Fig. 13 - VHS-VCR Motor control circuit 
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uP es CAPSTAN 
78 |, DAC L2720 MOTOR 
0808 
© 


DRUM 
8-BIT 
i DAC L2720 Morar 
0808 


CAPSTAN TACHO 


uP ORUM POSITION 


INTER CTL run 


a FACE | Rec.pa. VHS2: : DIS 
REEL TACHO 4 O 
he TDA RIGHT 
8144 | vert 
( 
RESET REEL TACHO O $-9482 
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Ay/ ar th ata L4901A 


DUAL 5V REGULATOR WITH RESET 


PRELIMINARY DATA 


@ OUTPUT CURRENTS: Ip, = 400mA @® RESET OUTPUT HIGH 
loo = 400mA 
@® OUTPUT TRANSISTORS SOA PROTEC- 
@® FIXED PRECISION OUTPUT VOLTAGE 5V TION 
+ 2% 
: @ SHORT CIRCUIT AND THERMAL OVER- 
@ RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 
@ RESET FUNCTION EXTERNALLY PRO- The L4901A is a monolithic low drop dual 5V 
GRAMMABLE TIMING regulator designed mainly tor supplying micro- 
processor systems. 
@® RESET OUTPUT LEVEL RELATED TO ; 
OUTPUT 2 Reset and data save functions during switch on/ 


off can be realized. 


@ OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


@® LOW LEAKAGE CURRENT, LESS THAN 


1A AT OUTPUT 1 C -&: Heptawatt 
@ LOW QUIESCENT CURRENT (INPUT 1) 
@ INPUT OVERVOLTAGE PROTECTION UP ORDERING NUMBER: L4901A 
TO 60V 


BSOLUTE MAXIMUM RATINGS 


24 
60 
internally limited 

-40 to 150 °C 


IN DC input voltage 
Transient input overvoltage (t = 40 ms) 

lo Output current 

j Storage and junction temperature 


<< 


THERMAL O RESET 
PROTECTION O TIMING 


S~7767/2 


une 1988 1/9 


155 


9S} 
6/2 


SDINOBADITIOUDIN 


NOSWOHL-sos “AY 


S-9349/4 


OUT4 
REFERENCE 
VOLTAGE 
VIN SENSE OUTe 
COMPARATOR 
VOUT4 SENSE 
COMPARATOR RESET 
: OUTPUT 
£4901: :LIB TIMING 


CAPACITOR 


VLO6t'1 


WVYOVIC DJILVASHOS 


L4901A 


ONNECTION DIAGRAM 


op view) 


OUTPUT 1 
OUTPUT 2 
RESET 
GROUND 
TIMING CAPACITOR 
INPUT 2 
INPUT 1 
$7768 
IN FUNCTIONS 
. NAME FUNCTION 
INPUT 1 Low quiescent current 400mA regulator input. 
INPUT 2 400mA regulator input. 
TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged 


with a 10uA constant current. When Reg. 2 is switch- 
ed-OFF the delay capacitor is discharged. 


GND Common ground. 

RESET OUTPUT When pin 3 reaches 5V the reset output is switched high. 
Therefore tap =C, ( aah ); trp (ms) = C, (nF) 

OUTPUT 2 5V - 400mA regulator output. Enabled if Vo 1> Vez 
and Vino > Vit. If Reg. 2 is switched-OFF the Coo 


capacitor is discharged. 


OUTPUT 1 5V - 400mA regulator output with low leakage (in 
switch-OFF condition). 


HERMAL DATA 


th j-case Thermal resistance junction-case max 4 °C/W 
je SGS-THOMSON si Ci‘ 
7, MICROELECTRONICS 
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L4901A 


TEST CIRCUIT 


~T ial 


47 pF 


~r | 


S-9348/4 


2.2uF 


ELECTRICAL CHARACTERISTICS (V,.. = Vine = 14,4V, Tamp = 25°C unless otherwise 


specified) 
Parameter 

Vj DC operating input voltage 
Voi Output voltage 1 
Vo2H Output voltage 2 HIGH 
Vo2L Output voltage 2 LOW 
lo1 Output current 1 
lLo1 Leakage output 1 current 
loo Output current 2 
Vio1 Output 1 dropout voltage (*) 
ViT Input threshold voltage 
VITH Input threshold voltage hyst. 
AVoi Line regulation 1 
AVoo2 Line regulation 2 
AVoi1 Load regulation 1 
AVoo Load regulation 2 | 
le Quiescent current 
lei Quiescent current 1 

4/9 
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Ving = 0 
lon 5mA 


loo =0 


AY/, rcportscmnomes 


Min. Typ. Max, Unit 
ei ae ae 
~ os ‘y 
00 oA 
Vin = 0 1 pA 
Voi <3V 
io =< 
0.7 08 ov. 
0.8 1 Vv 
1.1 1.4 Vv 
eo ae ee 
7V < Vin < 18V 
lor = 5mA 5 50 mV 
loo = 5mA 5 50 mV 
BMA < Ig] < 400mA 50 100 mv 
BMA < lop < 400mA 50 100 = mv 
0 < Vin < 13V 4.5 65 mA 
7V <Vin <13V 1.6 35 mA 
loo = loi < 5mA 
6.3V < Vina < 13V 0.6 09 mA 


L4901A 


ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


VRT Reset threshold voltage 


ta 


Timing capacitor discharge Cc 
time 


AVol Thermal drift 
AT 


AVoo 


= 10nF 


IR 

IR = -5mA 
Ct 

t = 10nF 


Thermal drift 


SVR1 Supply voltage rejection 


Test Conditions 


= 500uA 


fo) 
NO 
o1 


! 
oo 
Cow | Mw 
3 
< 
fe} 
i?) 


-20°C < Tamb < 125°C 


-20°C < Tampb < 125°C 


rm [| 


Vo0-0.15} 4.9 


a0 | 80 
5 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 


lowered of 25mV under constant output current condition, 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4901A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separ- 
ate inputs plus a reset output for the data save 
function. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo 
rises to the nominal value. 


When the input 2 reaches V,7 and the output 1 
is higher than Vez the output 2 (Vo) switches 
on and the reset output (Vp) also goes high after 
a programmable time Trp (timing capacitor). 


Vos and Vp are switched together at low level 
when one of the following conditions occurs: 


— an input overvoltage 


— an overload on the output 1 (Vo, < Ver); 
— aswitch off (Vin < Vit = Vitu); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vp, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator; 


— very low drop series regulator element util- 
izing Current mirrors; 


permit high output impedance and then very 
low leakage current error even in power down 
condition. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. The Voi 


= 5/9 
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L4901A 


CIRCUIT OPERATION (continued) 


regulator also features low consumption (0.6mA 
typ.) to minimize battery drain in applications 
where the V, regulator is permanently connected 
to a battery supply. 


The Vos output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 


Fig. 1 


V 


Vina=in2 


You"R 


TaD. tao 


SWITCH Vou V 
ON OVERLOAD 


APPLICATION SUGGESTIONS 


Fig. 2 shows an application circuit for a uP 
system typically used in trip computers or in 
car radios with programmable tuning. 


Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 


Reg. 2 may be switched OFF when the system 
is inactive. 


Fig. 4 shows the L4901A with a back up battery 
on the Vo, output to maintain a CMOS time-of- 
day clock and a stand by type N-MOS pP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 


In this case the main on-off switch disconnects 
both regulators from the supply battery. 


wwe we we ie ae i i 


! 
. ~ | 
| 
| 
| 
l 
\ t 
| 
| 
I 
I 


02 
OVERLOAD 


down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a ‘POWER 
DOWN INTERRUPT”, permitting RAM access 
only in correct power conditions, or as a’“BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 


ViTH 


$7769/1 
V THERMAL 
IN SHUT SWITCH 
OVERLOAD | DOWN OFF 


The L4901A is also ideal for microcomputer sys- 
tems using battery backup CMOS static RAMs. 
As shown in fig. 5 the reset output is used both to 
disable the uP and, through the address decoder 
M74HC138, to ensure that the RAMS are disabled 
as soon as the main supply starts to fall. 


Another interesting application of the L4901A is 
in uP system with shadow memories. (see fig. 6) 


When the input voltage goes below V,7,, the 
reset output enables the execution of a routine 
that saves the machine’s state in the shadow 
RAM (xicor x 2201 for example). 


Thanks to the low consumption of the Reg. 1 
a 680uF capacitor on its input is sufficient to 
provide enough energy to complete the operation. 
The diode on the input guarantees the supply 
of the equipment even if a short circuit on V, 
occurs. 
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APPLICATION SUGGESTION (continued) 
Fig. 2 


BATTERY 


CMOS 
MP WITH 
VOLATILE 
RAM 


1 tol0uF 


a 


RESET OUT 


5 


$_7770 | 


Fig. 3 - P.C. board component layout of fig. 2 (1: 1 scale) 
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APPLICATION SUGGESTION (continued) 
Fig. 4 
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APPLICATION SUGGESTION (continued) 
Fig. 6 


L4901A 


Fig. 7 - Quiescent current 
(Reg. 1) vs. output current 


See 
aloe He edie 


200 Igy (ma) 


Fig. 10 - Regulator 1 out- 
put current and short circuit 
input voltage 


current vs. 


Fig. 8 - Quiescent current 
(Reg. 1) vs. input voltage 


Fig. 11 - Regulator 2 out- 
put current and short circuit 


current vs. input voltage 
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Fig. 9 - Total quiescent cur- 
rent vs. input voltage 


~579771 


Ior= Ig2<=5mA 
V2, 


Fig. 12 - Supply voltage 
rejection regulators 1 and 2 
vs, input ripple frequence 
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Ay/ a ers L4902A 


DUAL 5V REGULATOR WITH RESET AND DISABLE 


PRELIMINARY DATA 


DOUBLE BATTERY OPERATING @ INPUT OVERVOLTAGE PROTECTION UP 
@ OUTPUT CURRENTS: Io, = 300mA i GOV 
loo = 300mA @ OUTPUT TRANSISTORS SOA PROTEC- 
TION 


FIXED PRECISION OUTPUT VOLTAGE 5V 
+ 2% @ SHORT CIRCUIT AND THERMAL OVER- 


RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE The L4902A is a monolithic low drop dual 5V 


RESET FUNCTION EXTERNALLY PRO- regulator designed mainly for supplying micro- 


GRAMMABLE TIMING processor systems. 
Reset and data save functions and remote switch 
RESET OUTPUT LEVEL RELATED TO on/off control can be realized. 


OUTPUT 2 


OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


OUTPUT 2 DISABLE LOGICAL INPUT 


LOW LEAKAGE CURRENT, LESS THAN 
ThA AT OUTPUT 1 


RESET OUTPUT NORMALLY HIGH 


BSOLUTE MAXIMUM RATINGS 


IN DC input voltage 
Transient input overvoltage (t = 40 ms) 
Output current 


° internally limited 
star Vy Storage and junction temperature 


-40 to 150 °C 


LOCK DIAGRAM 


THERMAL ORESET 
PROTECTION O TIMING 


5-784013 
une 1988 1/9 
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THERMAL & 
OVERVOL TAGE 
PROTECTION 


REFERENCE +— 
VOLTAGE 


VIN SENSE 
COMPARATOR 


VOUT1 SENSE 
COMPARATOR 


RESET 
OUTPUT 


£4902: : LIB TIMING 
5-935 5/1 CAPACITOR 


WVYSVIC JILVINAHOS 


vc06i7 1 


CONNECTION DIAGRAM 
(Top view) 


PIN FUNCTIONS 


N° NAME 

1 INPUT 1 

2 TIMING CAPACITOR 
3 Voo DISABLE INPUT 
4 GND 

5 RESET OUTPUT 

6 OUTPUT 2 

7 OUTPUT 1 


THERMAL DATA 


Rth j-case Thermal resistance junction-case 


L4902A 


——-_—_-_:~ OUTPUT 1 
se OUTPUT 2 
> ~=O2RESET 
____._» GROUND 
TTTTTMTMTMD)~—C(ODISABLE INPUT 
_________. > TIMING CAPACITOR 
INPUT 


S-784) 


FUNCTION 


Regulators common input. 


If Reg. 2 is switched-ON the delay capacitor is charged 
with a 5uA constant current. When Reg. 2 is switch- 
ed-OFF the delay capacitor is discharged. 


A high level (> Vp7) disable output Reg. 2. 
Common ground. 


When pin 2 reaches 5V the reset output is switched high. 
5V 


Theref = 
erefore tap = CQ; (Toga 


); tap (ms) = C, (nF). 


5V - 300mA regulator output. Enabled if Vo 1> Vez. 
DISABLE INPUT < Vpz and Vin > Vjz. If Reg. 2 is 
switched-OFF the Cos capacitor is discharged. 


5V - 300mA. Low leakage (in switch-OFF condition) 
output. 


ky7, SSSTHOMSON 
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L4902A 


TEST CIRCUIT 


Vj 


10nF 


$-9360 /2 


ELECTRICAL CHARACTERISTICS (Vix = 14.4V, Tamp= 25°C unless otherwise specified) 


DC | Vi DC operating input voltage input | Vi DC operating input voltage 


Ties Guwutwta 2 WGH [Riess [or] 8 [va Lv 
Ce ae eee cs wee 


es Leakage output 1 current 


| log Output current2 max. current 2 max. }AVo2=-100MV0 = -100mV 


See Output 1 dropout voltage (*) —— =10mA =o =" —_ 
loz = 100MA 0.8 1 V 
loi = 300mMA 1.1 1.4 V 


| Vir Input threshold voltage threshold | Vir Input threshold voltage 


TER Input threshold voltage 
hysteresis 


AVo1 Line regulation 1 
AVo2 Line regulation 2 
AVoi1 Load regulation 1 
= “2 Load regulation 2 


Quiescent current 


0< Vin < 13V 
7V < Vin <13V Vop LOW 
7V <Vin <13V Voo HIGH 
lor = lop <5mA 


Vet Reset threshold voltage 
VrtH Reset threshold hysteresis 


4/9 cs- 
i IST A See tomoon 
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ELECTRICAL CHARACTERISTICS (continued) 


Vey _ Reset output voltage HIGH In = 500uA | Voe-1 | 4.12 | Voo | v | 


Reset pulse ftrp _—-Resetpulsedelay PCe= 10nFo 


Timing capacitor discharge = 10nF ys 
time 


| Vpt Voz disable threshold voitage | disable | Vpt Voz disable threshold voitage | voltage ee eee See 


vet Voo disable input current Eee Eee 
- I 
AV 
7 Re Theater | drift -20°C < Tamp < 125°C = as | |mvre 
Fans 
—°2 Thermal drift -20°C < Tamp < 125°C Leet andi 


SVR1 Supply voltage rejection f= 100HZ VR=O0.5V Ip5= 100mA| 50 | dB 
SVR2 _— Supply voltage rejection Sette. 


[Tsp Thermal srurdown |i ae ve 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4902A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with common 
inputs plus a reset output for the data save func- 
tion and a Reg. 2 disable input. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo 
rises to the nominal value. 


When the input reaches V,;7 and the output 1 
is higher than Vaz the output 2 (Vos) switches 
on and the reset output (Vp) also goes high after 
a programmable time Trp (timing capacitor). 


Vo2 and Vp, are switched together at low level 
when one of the following conditions occurs: 
— a high level (> Vp) is applied on pin 3; 


IST] eo TONeu 


— an input overvoltage; 
— an overload on the output 1 (Vo1 < Ver); 
— aswitch off (Vin < Vie = View): 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator 


— very low drop series regulator element util- 
izing Current mirrors 


permit high output impedance and then very 
low leakage current even in power down con- 
dition. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. 
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CIRCUIT OPERATION (continued) 


The Vos output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a “POWER 
DOWN INTERRUPT”, permitting RAM access 


Fig. 1 


tp 


only in correct power conditions, or as a‘“7BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 

The disable function can be used for remote 
on/off control of circuits connected to the Vo» 
output. 


y j a V 
SWITCH 01 02 SHUT 02 SWITCH 
ON OVERLOAD OVERLOAD] OVERLOAD | DOWN DISABLE |! OFF S-784212 


APPLICATION SUGGESTION 


Fig. 2 illustrate how the L4902A's disable input 
may be used in a CMOS uComputer application. 


The Vo, regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS pcomputer chip with volatile memory. 
Vo2 output, supplying non-essential circuits, is 
turned OFF under control of a uP unit. 


Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 


Another application for the L4902A is supplying a 
shadow-ram microcomputer chip (SGS M38SH72 
for exemple) where a fast NV memory is backed 
up on chip by a EEPROM when a low level on 


the reset output occurs. 


By adding two CMOS-SCHMIDT-TRIGGER 
and few external components, also a watch dog 
function may be realized (see fig. 5). During 
normal operation the microsystem supplies a 
periodical pulse waveform; if an anomalous 
condition occours (in the program or in the 
system), the pulses will be absent and the disable 
input will be activated after a settling time de- 
termined by-R1 C1. In this condition all the 
circuitry connected to Vos will be disabled, 
the system will be restarted with a new reset 
front. 


The disable of Vo. prevent spurious operation 
during microprocessor malfunctioning. 
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APPLICATION SUGGESTION (continued) 
Fig. 2 - 
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Fig. 3 - P.C. board and component layout of the circuit of Fig. 2 (1: 1 scale) 
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APPLICATION SUGGESTION (continued) 


Fig. 4 
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L4902A 
APPLICATION SUGGESTION (continued) 


Fig. 6 - Quiescent current 
vs. output current 


Fig. 7 - Quiescent current Fig 
vs. input voltage 


. 8 - Supply voltage 
rejection regulators 1 and 2 
vs. input ripple meqUeHGe 
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L4903 


DUAL 5V REGULATOR WITH RESET AND DISABLE FUNCTIONS 


@ OUTPUT CURRENTS: Ip; = 50mA 
loo = 100mA 


@® FIXED PRECISION OUTPUT VOLTAGE 
5V +2% 


@ RESET FUNCTION CONTROLLED BY IN- 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 


@® RESET FUNCTION EXTERNALLY PRO- 
GRAMMABLE TIMING 


@® RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 


@ OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


@ OUTPUT 2 DISABLE LOGICAL INPUT 


@ LOW LEAKAGE CURRENT, LESS THAN 
1wA AT OUTPUT 1 


@ INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 


ABSOLUTE MAXIMUM RATINGS 


DC input voltage 


Vi Transient input overvoltage (t = 40 ms) 


Prot Power dissipation at Tamp= 50°C 
Storage and junction temperature 


June 1988 


PRELIMINARY DATA 
@ RESET OUTPUT NORMALLY LOW 


@ OUTPUT TRANSISTORS SOA PROTEC- 
TION 


@ SHORT CIRCUIT AND THERMAL OVER- 
LOAD PROTECTION ; 


The L4903 is a monolithic low drop dual 5V 
regulator designed mainly for supplying micro- 
processor systems. 


Reset, data save functions and remote switch 
on/off control can be realized. 


Minidip Plastic 


ORDERING NUMBER: L4903 


ie] 


Qf<< 


-40 to 150 


@ Vo1 


Vo2 


O RESET 
O TIMING 


S—9416/ 2 
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SCHEMATIC DIAGRAM 
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CONNECTION DIAGRAM 


(Top view) 


INPUT 1 8 || ouTPUT 1 


7 ||ouTPuT 2 


IMING RESET 
CAPACITOR|] 3 6]} output 
V 
ane SII pisaaee 
INPUT 
S-9417 

PIN FUNCTIONS 

N° NAME FUNCTION 

1 INPUT 1 Low quiescent current 50mA regulator input. 

2 INPUT 2 100mA regulator input. 

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged 
with a 10uA constant current. When Reg. 2 is switched- 
OFF the delay capacitor is discharged. 

4 GND Common ground. 

5 Vo2 DISABLE INPUT A high level (> Vp-+) disables output Reg. 2. 

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched low. 

5V 
Therefore tap = Cy Tonal’ trp (ms) = C, (nF). 

Z OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vprr. 
DISABLE INPUT < Vor and Vin 2 > Vit: If Reg. 2 is 
switched OFF the Cop capacitor is discharged. 

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch- 


OFF condition. 


THERMAL DATA 


Thermal resistance junction-pin 4 
Thermal resistance junction-ambient max 


Rth j-pin 


[e) 
Rth jamb 100 C/W 
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TEST CIRCUIT P.C. board and components layout 
of the test circuit (1 : 1 scale) 


GND DIS. RS Voo V 


o2 ‘ol 


ELECTRICAL CHARACTERISTICS (Vj, = 14,4V, Tamp= 25°C unless otherwise specified) 


er Output voltage 2 HIGH R load 1KQ pet 


Output current 1 max. Hoi Output current 1 max. (*) ) favors =t0ony = -100mV 


me Leakage output 1 current = 0 
vi < 3V 


Output current 2 max. (*) AVo2 = -100mV 


| 7 Output 1 dropout voltage (*) | Io; = 10mMA an 7 0. —_ — 
eee = 50mA 0.75 0.9 V 


er Input threshold voltage mV 
hysteresis 


< 


< 


< 


B< 


AVoi Line regulation 1 
AVo2 Line regulation 2 


Load regulation 1 


AVo1 


| | MVgo Load regulation 2 


le Quiescent current 


0< VIN < 13V 
7V < Vin <13V Vogo LOW 
7V <Vin <13V Vos HIGH 
loi = lo2 < 5mA 


6.3V <Vinz < 13V 


Vin2 = 9 
loi < 5mA 


Quiescent current 1 
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ELECTRICAL CHARACTERISTICS (continued) 


Vet Reset threshold voltage 
VrtH Reset threshold hysteresis 


tg Timing capacitor discharge 
time 


V Vo disable threshold voltage 


tro Reset pulse delay 
DT 


ID V o2 disable input current AV 
4V 


AVo1 Thermal drift 


-20°C < Tamp < 125°C 


AT 
aoe Thermal! drift -20°C < Tamb < 125°C 
4 


os 


O° 
00 G 


SVR1 Supply voltage rejection f=100Hz VR=0.5V 1,=50mA 


SVR2 Supply voltage rejection 
Tjsp Thermal shut down 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current conditions. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4903 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separate 
inputs plus a reset output for the data save func- 
tion and Reg. 2 disable input. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo, rises 
to the nominal value. 

When the input 2 reaches V,7 and the output 1 
is higher than Vaz the output 2 (Voo and Vp_) 
switches on and the reset output (Vp) goes low 
after a programmable time Tap (timing capacitor). 


Vo2 is switched at low level and Vp at high level 
when one of the following conditions occurs: 


— a high level (> Vp+) is applied on pin 5; 
— an input overvoltage; 

— an overload on the output 1 (Vo; < Ver); 
— a switch off (Vin < Vit = Vito); 


and they start again as before when the condi- 
tion is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator 


— very low drop series regulator element util- 
izing Current mirrors 


permit high output impedance and then very 
low leakage current even in power down con- 
ditions. 

This output may therefore be used to supply 
Circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. 
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CIRCUIT OPERATION (continued) 


The Vos output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a ‘POWER 
DOWN INTERRUPT”, permitting RAM access 


Fig, 1 sue. oe 


tro tao], 


SWITCH Vor 
ON OVERLOAD 


Yo2 


APPLICATION SUGGESTION 


Fig. 2 illustrates how the L4903’s disable input 
may be used in a CMOS wComputer application. 


The Vo, regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS wucomputer chip with volatile memory. 
Vo2 output, supplying non-essential circuits, is 


: 
Mella 


IN 
OVERLOAD | OVERLOAD DOWN 


only in correct power conditions, or as a ““BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 

The disable function can be used for remote 
on/off control of circuits connected to the Vo 
output. 


NO TH 


YpIS 


y THERMAL |y 
SHUT 02 SWITCH 
DISABLE ! OFF S$-9419/1 


turned OFF under control! of a uP unit. 


Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 


Fig. 2 
IN PORT saat a 
10 er RESET OUT 
SO, ee 
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APPLICATION SUGGESTIONS (continued) 


Fig. 3 - Quiescent current 
(Reg. 1) vs. output current 
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Fig. 5 - Total quiescent 
current vs. input voltage 
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Fig. 4 - Quiescent current 
(Reg. 1) vs. input voltage 


Fig. 6 - Supply voltage re- 
jection regulators 1 and 2 
vs. input ripple frequence 
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DUAL 5V REGULATOR WITH RESET 


PRELIMINARY DATA 


® OUTPUT CURRENTS: 15; 50mA @ RESET OUTPUT NORMALLY HIGH 


log = 100mA @ OUTPUT TRANSISTORS SOA PROTEC- 
® FIXED PRECISION OUTPUT VOLTAGE TION 
0 

5V + 2% @ SHORT CIRCUIT AND THERMAL OVER- 
@® RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 

PUT VOLTAGE AND OUTPUT 1 VOLTAGE 
@® RESET FUNCTION EXTERNALLY PRO- The L4904A is a monolithic low drop dual 5V 

GRAMMABLE TIMING regulator designed mainly for supplying micro- 
@ RESET OUTPUT LEVEL RELATED TO  °°*SS0Fr Systems. 

OUTPUT 2 Reset and data save functions during switch on/ 


® OUTPUT 2 INTERNALLY SWITCHED WITH Ot can: be realized. 
ACTIVE DISCHARGING 


@ LOW LEAKAGE CURRENT, LESS THAN 
1uA AT OUTPUT 1 


ieee 
® LOW QUIESCENT CURRENT (INPUT 1) mil Eee 


@ INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 


ORDERING NUMBER: L4904A 


ABSOLUTE MAXIMUM RATINGS 


oO 


DC input voltage 24 V 
Transient input overvoltage (t = 40 ms) 60 V 
lo Output current internally limited 
Prot Power dissipation at Tamp = 50°C 1 e 


Storage and junction temperature -40 to 150 


Vi10 


6 
THERMAL OREDED 
PROTECTION 3 O TIMING 
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OUT 4 
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CAPACITOR 
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L4904A 


CONNECTION DIAGRAM 
(Top view) 


g |} OUTPUT I 


7 || ouTPUT 2 


GND N.C. 
$-9412 

PIN FUNCTIONS 

N° NAME FUNCTION 

1 INPUT 1 Low quiescent current 50mA regulator input. 

2 INPUT 2 100mA regulator input. 

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged 
with a 10uA constant current. When Reg. 2 is switched- 
OFF the delay capacitor is discharged. 

4 GND Common ground. 

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high. 

5V 
Therefore tap =C,  TouA ); tap (ms) = C, (nF). 

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vrar 
and Vino > Viz. If Reg. 2 is switched-OFF the Coo 
capacitor is discharged. 

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch- 
OFF condition. 

THERMAL DATA 

Rthjamb Thermal resistance junction-ambient max 100 °C/W 


Lyf. 
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TEST CIRCUIT 
P.C. board and components layout 
of the test circuit (1 : 1 scale) 


GND Yi2 Vit 
C) C) 


4 
9. 1p F woe 2.2 pF 1OMF eum C7 | — 2.2 uF 
de de yee de ede 


Vj DC operating input voltage 
Voi Output voltage 1 R load 1K2 
VozH Output voltage 2 HIGH R load 1K2 Vo 0.1 | 5 | Voi 


loi Output current 1 AVoi = -100mV 


Vin = 0 
Voi < 3V 


Viol Output 1 dropout voltage (*) | loz = 10mA 
loi = 50mA 

Vit Input threshold voltage 

VITH Input threshold voltage hyst. 

AVoi1 Line regulation 

AVo2 Line regulation 2 

AVoi Load regulation 1 

AVoo Load regulation 2 

la 


Quiescent current 


B 
> 


Leakage output 1 current 


ILo1 


r 
> 


< 

(o) 

a 

Ra 

rN) 
So 
oN 

So 

re |oo 

+ | © 

~J 


0 < Vin < 13V 
7V < Vin < 13V 
lo2 = loi < 5mA 


6.3V < Vina < 13V 
Vin2 = 0 
loi < 5mA 


lai Quiescent current 1 
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ELECTRICAL CHARACTERISTICS (continued) 


| VrtH Reset threshold hysteresis | Reset threshold | VrtH Reset threshold hysteresis | 


Timing capacitor ee ey 


SVR1 Supply voltage a eae | 


et em = 100Hz 


Vr = 0.5V 
SVR2 Supply voltage rejection a 


mseomem [om [oe [me [om 


Reset output voltage HIGH a = BOOKA P| Wa | 


= 10nF 
ee ey 
AV 
aa Thermal drift -20°C < Tamp < 125°C aa a mv/°C 
AV 
a Thermal drift -20°C < Tamp < 125°C po mv/°C 


Oo 


oO 
00 w 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 


lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4904A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (booth 5V high precision) with separ- 
ate inputs plus a reset output for the data save 
function. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo, 
rises to the nominal value. 


When the input 2 reaches V,+7 and the output 1 
is higher than Vey the output 2 (Vos) switches 
on and the reset output (Vp) also goes high after 
a programmable time Trp (timing capacitor). 


Vo2 and Vr are switched together at low level 
when one of the following conditions occurs: 
— an input overvoltage 


IST] SGS-THOMSON 


— an overload on the output 1 (Vo; < Ver); 
— aswitch off (Vin < Vie - View); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator; 


— very low drop series regulator element util- 
izing Current mirrors; 


permit high output impedance and then very 
low leakage current even in power down con- 
ditions. 


’ This output may therefore be used to supply 


circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. The Vo, 
regulator also features low consumption (0.6mA 
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CIRCUIT OPERATION (continued) 


typ.) to minimize battery drain in applications 
where the V, regulator is permanently connected 
to a battery supply. 


The Vos output can supply other non essential 
5V circuits which may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 


Fig. 1 
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Yoo VR 
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fro 


SWITCH Voy 
ON OVERLOAD 


APPLICATION SUGGESTIONS 


Fig. 2 shows an application circuit for a uP 
system. 


Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 


Reg. 2 may be switched OFF when the system 
is inactive. 


Fig. 3 shows the L4904A with a back up battery 


Vv 
02 
OVERLOAD | OVERLOAD DOWN OFF 


voltages below the minimum value. 


The reset output can be used as a “POWER 
DOWN INTERRUPT”, permitting RAM access 
only in correct power conditions, or as a ““-BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 
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S$. 7769/1 
V THERMAL 
IN SHUT SWITCH 


on the Vo, output to maintain a CMOS time-of- 
day clock and a stand by type C-MOS puP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 


In this case the main on-off switch disconnects 
both regulators from the supply battery. 
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APPLICATION SUGGESTIONS (continued) 


L4904A 


Application Circuits of a Microprocessor system (Fig. 2) or with data save battery (Fig. 3). The reset 


output provide delayed rising front at the turn-off of the regulator 2. 


Fig. 2 
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Fig. 3 
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APPLICATION SUGGESTIONS (continued) 


Fig. 4 - Quiescent current Fig. 5 - Quiescent current 
(Reg. 1) vs. output current (Reg. 1) vs. input voltage 


0 25 $0 loy(ma) 0 3 6 9 12 1% 18 Vy (Vv) 


Fig. 6 - Total quiescent cur- Fig. 7 - Supply voltage 
rent vs. input voltage rejection regulators 1 and 2 


vs. input ripple frequence 
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DUAL 5V REGULATOR WITH RESET 


ADVANCE DATA 


@® DOUBLE BATTERY OPERATING ® RESET OUTPUT HIGH 
© OUTPUT CURRENTS: Io; = 200mA @ OUTPUT TRANSISTORS SOA PROTEC- 
loo = 300mA TION 
@ FIXED PRECISION OUTPUT VOLTAGE 
+ 1% a a @® SHORT CIRCUIT AND THERMAL OVER- 
@® RESET FUNCTION CONTROLLED BY IN- ae nner 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE The L4905 is a monolithic low drop dual 5V 
@ RESET FUNCTION EXTERNALLY PRO- regulator designed mainly for supplying micro- 
GRAMMABLE TIMING processor systems. 
@ RESET OUTPUT LEVEL RELATED TO Reset and data save functions during switch on/ 
OUTPUT 2 


off can be realized. 
@ OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


@ LOW LEAKAGE CURRENT, LESS THAN PAN 
1uA AT OUTPUT 1 y Heptawatt 


® LOW QUIESCIENT CURRENT (INPUT 1) 


@ INPUT QGVERVOLTAGE PROTECTION UP 
TO 60V 


ORDERING NUMBER: L4905 


/ 


ABSOLUTE MAXIMUM RATINGS 


DC input voltage 28 V 
Transient input overvoltage (t = 40 ms) 60 V 
Output current internally limited 
Storage and junction temperature -40 to 150 


THERMAL O RESET 
PROTECTION O TIMING 
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COMPARATOR 
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CAPACITOR 
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CONNECTION DIAGRAM 


(Top view) 


PIN FUNCTIONS 


N° NAME 

1 INPUT 1 

2 INPUT 2 

3 TIMING CAPACITOR 
4 GND 

5 RESET OUTPUT 

6 OUTPUT 2 

7 OUTPUT 1 


L4905 


OUTPUT 1 

OUTPUT 2 

RESET 

GROUND 

TIMING CAPACITOR 
INPUT 2 

INPUT 1 


$7768 


FUNCTION 


Low quiescent current 200mA regulator input. 
300mA regulator input. 


lf Reg. 2 is switched-ON the delay capacitor is charged 
with a 10uA constant current. When Reg. 2 is switch- 
ed-OFF the delay capacitor is discharged. 


Common ground. 


When pin 3 reaches 5V the reset output is switched high. 
5V 


Therefore tap =C, ( TOuA 


); tro (ms) = C, (nF) 


5V -300mA regulator output. Enabled if Vo 1>Vpar 
and Vino > Vir. If Reg. 2 is switched-OFF the Coo 
capacitor is discharged. 


5V - 200mA regulator output with low leakage (in 
switch-OFF condition). 


THERMAL DATA 


Reh j-case Thermal resistance junction-case 


max 4 °C/W 
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TEST CIRCUIT 


ELECTRICAL CHARACTERISTICS (Vinny = Vine = 14,4V, Tamp = 25° unless otherwise 
specified) 


Vo1 Output voltage 1 R load 1K2 


VooH Output voltage 2 HIGH R load 1KQ 


loi Output current 1 aes = -100mV } 200 | 


ce ae 
cod 
: ink i 
vi < 3V 
ie eee 
08 
Eee 


Output 1 dropout voltage (*) 


Viol 


Vit Input threshold voltage . : 
Vit Input threshold voltage hyst. 250 


AVo1 Line regulation 1 7V < Vin < 24V 


lo1 = 5BmA 
AVoo Line regulation 2 


AVo1 Load regulation 1 


~ 22 Load regulation 2 


Quiescent current 


Quiescent current 1 


lai 
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ELECTRICAL CHARACTERISTICS (continued) 


VRT Reset threshold voltage 
VrtH Reset threshold hysteresis 


VaL Reset output voltage LOW = -5mA 
tro Reset pulse delay = 10nF 


ty Timing capacitor discharge = 10nF 
time 


aa oh Thermal drift 


SVR1 Supply voltage rejection 


SVR2 Supply voltage rejection 


Test Conditions 


VrRH Reset output voltage HIGH = 500uA 


-20°C < Tamp < 125°C 


“aoe Thermal drift -20°C < Tamp < 125°C 


49 |Vo2-005 


4.12 


—_ 
—_ 


>) 
N 
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= 
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So ;°e 
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* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 


lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4905 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separ- 
ate inputs plus a reset output for the data save 
function. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo 
rises to the nominal value. 


When the input 2 reaches V;7 and the output 1 
is higher than Vay the output 2 (Vo) switches 
on and the reset output (Vp) also goes high after 
a programmable time Trp (timing capacitor). 


Vo2 and Vp, are switched together at low level 
when one of the following conditions occurs: 


— an input overvoltage 


— an overload on the output 1 (Vo, < Vprt); 
— aswitch off (Vin < Vit os View); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator; 


— very low drop series regulator element util- 
izing current mirrors; 


— permit high output impedance and then very 
low leakage current error even in power down 
condition. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. The Vo, 


« 5/8 
AY/, iemoenaxes 


195 


L4905 


CIRCUIT OPERATION (continued) 


regulator also features low consumption (0.6mA 
typ.) to minimize battery drain in applications 
where the V, ‘regulator is permanently connected 
to a battery supply. 


The Vo2 output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 


Fig. 1 


Vint®¥In2 


Vor ao 
See q 2 
YRTH 


tro 


SWITCH 
ON OVERLOAD 


APPLICATION SUGGESTIONS 


Fig. 2 shows an application circuit for a uP 
system typically used in trip computers or in 
car radios with programmable tuning. 


Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 
Reg. 2 may be switched OFF when the system 
is inactive. 


Vor Yo2 IN 
OVERLOAD] OVERLOAD | DOWN 


down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a ‘POWER 
DOWN INTERRUPT”, permitting RAM access 
only in correct power conditions, or as a ‘’BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 


$. 7769/1 
y THERMAL 
SHUT 


Fig. 4 shows the L4905 with a back up battery 
on the Vo, output to maintain a CMOS time-of- 
day clock and a stand by type N-MOS uP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 


In this case the main on-off switch disconnects 
both regulators from the supply battery. 
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APPLICATION SUGGESTION (continued) 
Fig. 2 


IN1 | ee 7 OUT1 Yop CMOS 


BATTERY 
Ci 
7 0.22mF | 
IN2 2 
So REG. 2 


CMOS 
pP WITH 
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RAM 


1 tol0 pF 


ae 


RESET OUT 


RESET 


S-10540 


Fig. 3 - P.C. board component layout of fig. 2 (1: 1 scale) 
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APPLICATION SUGGESTION (continued) 
Fig. 4 


| BATTERY 
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Fig. 5 - Quiescent current Fig. 6 - Quiescent current Fig. 7 - Total quiescent cur- 
(Reg. 1) vs. output currerit (Reg. 1) vs. input voltage rent vs. input voltage 
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L4940 Series 


VERY LOW DROP 1.5A REGULATORS 


@ PRECISE 5V, 8.5V, 10V, 12V OUTPUTS 


LOW DROPOUT VOLTAGE (500mV TYP 
AT 1.5A) 


VERY LOW QUIESCENT CURRENT 
THERMAL SHUTDOWN 

SHORT CIRCUIT PROTECTION 
REVERSE POLARITY PROTECTION 


INTRODUCTION 


The L4940 series of three terminal positive re- 
gulators is available in TO-220 package and with 
several fixed output voltages, making it useful in 


a wide range of industrial and consumer appli- 


cations. Thanks to its very low input/output volt- 


PRELIMINARY DATA 


TO-220 


age drop, these devices are particularly suitable for 
battery powered equipments, reducing consump- 
tion and prolonging battery life. Each type em- 
ploys internal current limiting, antisaturation cir- 
cuit, thermal shut-down and safe area protection. 


BLOCK DIAGRAM 


PREREGULATOR SOA PROTECT. is. 
AND & ANTISAT. 
PROTECTION CIRCUIT + 


REFERENCE 
VOLTAGE 


THERMAL f 


SHUTDOWN 
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CONNECTION DIAGRAM AND ORDERING NUMBERS 


(Top view) 
2{ ss; OUTPUT 
GND 3| =~) GROUND 
1/0 ==) INPUT 


S- 2568/1 


ORDERING NUMBERS OUTPUT VOLTAGE 


L4940V5 5V 


L4940V85 8.5V 
L4940V10 10V 
L4940V 12 12V 


ABSOLUTE MAXIMUM RATINGS . 


V; Forward input voltage 30 V 
Vir Reverse input voltage (Vo =5V Ro = 1002) -15 V 
(Vo =8.5V Ro = 1802) 
(Vo =10V. Rog = 2002) 
(Vo =12V Ro = 2400) 
lo Output current Internally limited 
Prot Power dissipation Internally limited 
Tj, Tstg Junction and storage temperature -40 to 150 6: 


THERMAL DATA 


Rinviicass Thermal resistance junction-case max 3 °C/W 
Rthj-amp Thermal resistance junction-ambient max 50 °C/W 
2/8 i SGS-THOMSON 
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TEST CIRCUITS 


Fig. 1 - DC Parameters Fig. 2 - Load Regulation Fig. 3 - Ripple Rejection 


S-10157/1 
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$-10159/1 


ELECTRICAL CHARACTERISTICS (Refer to the test circuits T, = 25°C, C, = 0.1uF, C. = 22yF, 


unless otherwise specified) 


OUTPUT VOLTAGE 
INPUT VOLTAGE (unless otherwise specified) 
Vo Output voltage I5 = 0.5A 
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o = 5mA to 1.5A 4. 


Vj Operating input lpn =5mMmA 
voltage 
AVo_ Line regulation lp =5mMA 
(Vj= 6V to 1 
AV 


lp =5 mA to 1.5A 


on 
No 
co 
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oO 
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oO 
oe) 
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o Load regulation 


NO 
o 


l5=0.5A to 1A 


2 eee 
—_ 
o1 
|! 
NO 
— (ee) 
mo | O 
3 
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la Quiescent current o= OMA 


W 
ro) 
on 
° 
3 
> 


~ —_, 
So 
< 
il 
o 
ae LS 
re) 
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<0 C : 
3 


oT ISA 30 | 50 
-= 6, 


oO 
< 
2 
1} 
2 
NO 
< 


je 
— | NO 
Olam 
EF 


Ala Quiescent current 
change 


lIp5=5mA 


> 


lp=1.5A 15 
) | (V,= 10.2 to 16V) 


Vad Dropout voltage 


15 = 0.5A 
AVo Output voltage 


[ [co [oo | 7" 


SVR Supply voltage f = 120 Hz 58 
reyection lp = 1A 


current limit 


2.2 | 29 2.2 | 29 
(V; = 6.5V) (V; = 10.2V) 


Zo Output impedance | f= 1 KHz 30 32 
lo = 0.5A 


m&2 
pot | [a0 | [ave 
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L4940 Series 


ELECTRICAL CHARACTERISTICS (Refer to the test circuits T, = 25°C, C, = 0.1uF, C, = 22uF, 


unless otherwise specified) 


es 


INPUT VOLTAGE (unless otherwise specified) 12 fF af | 


=5 mA to 1.5A 9.6 10 |10.4)11.5 1 1712 | 12.5 
(Vj= 11.7 to 16V) | (Vj= 13.8 to 17V) 
Vj Operating input lb =5mMA 
voltage 


lb = 5mMA to 1.5A 


I> = 0.5A to 1A 


= 
~“ 
= 
~ 
/< 


Ale Quiescent current 
change 


Va Dropout voltage 


ase Output voltage 
drift 
SVR_ Supply voltage f = 120 Hz 55 
rejection lpb= 1A 


Sc Short circuit V;= 14V j om 
A 


current limit 


Zo Output impedance 


Output noise 
voltage 
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Fig. 4 - Dropout voltage vs. 
output current 
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Fig. 7 - Output voltage vs. 
temperature (L4940V85) 
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Fig. 10 - Quiescent current 
vs. temperature (L4940V5) 
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Fig. 5 - Dropout voltage vs. 
temperature 
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Fig. 8 - Output voltage vs. 
temperature (L4040V10) 
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Fig. 11 - Quiescent current 
vs. input voltage (L4940V5) 
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Fig. 6 - Output voltage vs. 
temperature (L4940V5) 


-50 -25 OO 25 50 75 100 T, CC) 


Fig. 9 - Output voltage vs. 
temperature (L4940V12) 
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Fig. 12 - Quiescent current 
vs. Output Current 
(L4940V5) 
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Fig. 13 - Short circuit cur- 
rent vs. temperature 
(L4940V5) 
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Fig. 16 - Low voltage be- 
havior (L4940V85) 
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Fig. 19 - Supply voltage re- 
jection vs. frequency 
(L4940V5) 
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Fig. 14 - Peak output cur- 
rent vs. input/output dif- 
ferential voltage (L4940V5) 
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Fig. 17 - Low voltage be- 
havior (L4940V 10) 
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Fig. 20 - Supply voltage re- 
jection vs. output current 
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Fig. 15 - Low voltage be- 
havior (L4940V5) 
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Fig. 18 - Low voltage be- 


havior (L4940V12) 
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Fig. 21 - Load dump 
teristics (L4940V5) 
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L4940 Series 


Fig. 22 - Line transient Fig. 23 - Load transient Fig. 24 - Total power 
response (L4940V5) response dissipation 
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Fig. 25 - Distributed supply with on-card L4940 and L4941 low-drop regulators 
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Fig. 26 - Distributed supply with on-card L4940 and L4941 low-drop regulators 
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ADVANTAGES OF THESE APPLICATIONS ARE: 


— Oncard regulation with short circuit and thermal protection on each output. 
— Very high total system efficiency due to the switching preregulation and very low-drop postregulations. 
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Fig. 27 


L4940V12 ——©O 12V-1.5A 


) 
| 
| 


_ _FEEDBACK_ 


S -10324/1 


ADVANTAGES OF THIS CONFIGURATION ARE: 


— Very high regulation (line and load) on both the output voltages. 
— 12V output short-circuit and thermally protected. 
— Very high efficiency on the 12V output due to the very low drop regulator. 
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L4941 - 4941X 


VERY LOW DROP 1A REGULATOR 


PRELIMINARY DATA 


LOW DROPOUT VOLTAGE (450mV TYP 
AT 1A) 


VERY LOW QUIESCENT CURRENT 
THERMAL SHUTDOWN 

SHORT CIRCUIT PROTECTION 
REVERSE POLARITY PROTECTION 


INTRODUCTION 


TheL4941/X is a three terminal 5V positive re- 
gulator available in TO-220 and SOT-82 packa- 
ges; making it useful in a wide range of the in- 
dustrial and consumer applications. Thanks to 
its very low input/output voltage drop, this devi- 


SOT-82 TO-220 


ORDER CODE: L4941 (TO-220) 
L4941X (SOT-82) 


ce is particularly suitable for battery powered 
equipment, reducing consumption and prolong- 
ing battery life. It employes internal current 
limiting, antisaturation circuit, thermal shut- 
down and safe area protection. 


BLOCK DIAGRAM 


PREREGULATOR SOA PROTECT. a 


AND & ANTISAT. 
PROTECTION CIRCUIT 


REFERENCE ERROR 


VOLTAGE 


AMPLIFIER 


THERMAL 
SHUTDOWN 
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L4941 - 4941X 


PIN CONNECTIONS 


ee OUTPUT 


OUTPUT 
GNO 2) | GROUND GROUND 
IMT INPUT 


$-6188 
S- 2566/1 


TO-220 SOT-82 


ABSOLUTE MAXIMUM RATINGS 


Forward input voltage 30 


Vir Reverse input voltage (Ro = 1002) -15 V 
lo Output current Internally limited 
Prot Power dissipation Internally limited 


Junction and storage temperature -40 to 150 


SOT-82 


TO-220 


8°C/W|] 3°C/W 
100 °C/W| 50 °C/W 


THERMAL DATA 


Thermal resistance junction-case 
Thermal resistance junction-ambient max 


Reh j-case 
h j-amb 
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L4941 - 4941X 


TEST CIRCUITS 
Fig. 1 - DC Parameters Fig. 2 - Load Regulation — Fig. 3 - Ripple Rejection 


Ci 0.1 pF Co 22 uF 


2N =z 
s-10187/1 a! 
$-10158/1 $-101597/1 


ELECTRICAL CHARACTERISTICS (Refer to the test circuits T; = 25°C, C, = 0.1uF, C, = 22uF, 


unless otherwise specified) 


OUTPUT VOLTAGE 
INPUT VOLTAGE (unless otherwise specified) 


Output voltage lo = 5mA to 1A 


V;=6V to 14V 


V; = 6V to 16V 20 mV 
l5 = 5mA 
Load regulation lo = 5mA to 1A 20 mV 
lp =0.5A to 1A 15 


Quiescent current 
V, = 6V to 14V 


pign OSA 


Operating input 
voltage 


Line regulation 


Ale Quiescent current 
change 


Dropout voltage 


Supply voltage 
rejection 


Short circuit current 
limit 


Output impedance 
Output noise ex Output noise voltage = 100Hz to 100KHz P| 80 ff av 


= N 3/6 
Sey ee 
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L4941 - 4941X 


Fig. 4 - Dropout voltage vs. 
output current 


Fig. 5 - Dropout voltage vs. 
temperature 

G- 6408/1 G-640911 
Va 
(V) 


= 
La 


itm 


-$0 -25 0 25 50 75 100 T, (°C) 


Fig. 7 - Quiescent current 
vs. temperature 


Fig. 8 - Quiescent current 
vs. input voltage 


G-649971 G- 6412 
yO la EP NP 
Co eee 
fee a S| Pale fed P| 
HE EEE 
RRES sees 
RGrSLERRERaeeEee 
PT UT TAL TE ET YT 
ft 
Sp — 


ES lease ed are 
ne see Eee 


-50 -25 0 25 50 75 100 1; (°C) 0 3 6 9 12) Vy (Y) 


Fig. 10 - Short circuit cur- 
rent vs. temperature 


Fig. 11 - Peak output cur- 
rent vs. input/output dif- 
ferential voltage 


G- 6407/1 G-6410/1 


=o) i a OO 
eee te Vases eile! 


-50 -25 0 25 50 75 WO Tj (°C) 2 4 6 B 10 12 V-Vo(¥) 


Fig. 6 - Output voltage vs. 
temperature 


G- 6395/1 


-50 -25 0O 25 50 7 10 Tj CC) 


Fig. 9 - Quiescent current 
vs. output current 


nO lr ai Wis Tl Ie a a 
A a a 
cl clad SE Sede |g 


G-641111 


Fig. 12 - Low voltage be- 
havior 


5 Vv(V) 


L4941 - 4941X 


Fig. 13 - Supply voltage re- Fig. 14 - Supply voltage re- Fig. 15 - Load dump charac- 
jection vs. frequency jection vs. output current teristics 


0 - 6406/1 
SVR 


) tt at 
22 


01 O03 1 3 10 t (KHz) 0 0,25 0.5 0.75 IA) 
Fig. 16 - Line transient response Fig. 17 - Load transunt Fig. 18 - Totale power dis- 
response sipation (TO-220) — 
me a) ta 
: FEEEEEE PEE 
10 oureut no L_lseiwre Heat sine! [|| T 
=~ 40 DEVIATION -200 eee ee 
: » ESEEE 
Vin s6¥ 
uw) oo e i ate A 


INPUT 
VOLTAGE 
CHANGE 


pa N 
| CCEPREERSSENT 


\ 
ar sink [~hIN 
60 , pp ea Pe 
0 10 20 30 (us) 
fe) 25 50 75° 100) Tapp (°C) 


S-9461/1 


Fig. 19 - Distributed supply with on-card L4940 and L4941 low-drop regulators 


L4940V5 O5V-15A 
viCO —. 
oa T to Teer 


 Laacovs | O5V-15A 
(i Dur Ter 
a4 


per Teer 
a VES 
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wie 


ADVANTAGES OF THESE APPLICATIONS ARE: 


— Oncard regulation with short circuit and thermal protection on each output. 
— Very high total system efficiency due to the switching preregulation and very low-drop postregulations. 
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L4941 - 4941X 


Fig. 20 - Distributed supply with on-card L4940 and L4941 low-drop requlators 


33nF 12K 
in, aos L4940V5 Osv-154 


Rie. i 
O1pF See 22 F 
a rr’ lf 


ne L 4960 


150 yH 
Cj BYW80 
40V 
2.2 iz — — cae 
nF KL 2x220 
uF 


O WF 22 uF 
$-10325/4 ac B ac B 
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L4960 


2 5A POWER SWITCHING REGULATOR 


2.54 OUTPUT CURRENT 

5.1V TO 40V OUTPUT VOLTAGE RANGE 
PRECISE (+ 2%) ON-CHIP REFERENCE 
HIGH SWITCHING FREQUENCY 

VERY HIGH EFFICIENCY (UP TO 90%) 
VERY FEW EXTERNAL COMPONENTS 
SOFT START 

INTERNAL LIMITING CURRENT 
THERMAL SHUTDOWN 


The L4960 is a monolithic power switching 
regulator delivering 2.5A at a voltage variable 
from 5V to 40V in step down configuration. 


Features of the device include current limiting, 


ABSOLUTE MAXIMUM RATINGS 


Vi Input voltage 
Vi - Vz Input to output voltage difference 
V7 Negative output DC voltage 


Negative output peak voltage at t = 0.1us; f = 100KHz 


V3, Ve Voltage at pin 3 and 6 

Vo Voltage at pin 2 

Is Pin 3 sink current 

Is Pin 5 source current 

Prot Power dissipation at Tease < 90°C 
Ty, Tstg Junction and storage temperature 


BLOCK DIAGRAM 


SAWTOOTH 
OSCILLATOR 


THERMAL 
SHUTOOWN 


September 1988 


== 


INHIBIT 
FLIP 


FLOP 


PRELIMINARY DATA 


soft start, thermal protection and O to 100% 
duty cycle for continuous operation mode. 


The L4960 is mounted in a Heptawatt plastic 
power package and requires very few external 
components. 


Efficient operation at switching frequencies 
up to 150KHz allows a reduction in the size 
and cost of external filter components. 


Heptawatt 


L4960 (Vertical) 
L4960H (Horizontal) 


_ J 
33 
Of=rp<e<cc<ccc 


fe) 


-40 to 150 


STAGE 


; 
RROR REFERENCE 
AMP 


9.779681 


1/13 


213 


L4960 


CONNECTION DIAGRAM 


OUTPUT 
SOFT START 


OSCILLATOR 
GND 


FREQ. COMP 
FEEDBACK INPUT 


INPUT 


f $7795 
Tab connected to pin4 


THERMAL DATA 


Rth jase Thermal resistance junction-case 
Rthjamb Thermal resistance junction-ambient 


PIN FUNCTIONS 


N° NAME FUNCTION 
1 SUPPLY VOLTAGE Unregulated voltage input. An internal regulator powers 
the internal logic. 


2 FEEDBACK INPUT The feedback terminal of the regulation loop. The 
output is connected directly to this terminal for 5.1V 
operation; it is connected via a divider for higher volt- 
ages. 


3 FREQUENCY A series RC network connected between this terminal 
COMPENSATION and ground determines the regulation loop gain charac- 
teristics. 


4 GROUND Common ground terminal. 


5 OSCILLATOR A parallel RC network connected to this terminal 
determines the switching frequency. 


6 SOFT START Soft start time constant. A capacitor is connected bet- 
ween this terminal and ground to define the soft start 
time constant. This capacitor also determines the average 
short circuit output Current. 


7 OUTPUT Regulator output. 
i { SGS-THOMS 
YT, Date cies 


L4960 


ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T; = 25°C, V,; = 35V, unless 


otherwise specified) 


DYNAMIC CHARACTERISTICS 


Pe 
ft veemeeee —etawow wm e [ foe 
sere [wry wane [fw Lo 


(pin 2) 


~ et Average temperature 
coefficient of refer. voltage 


Maximum operating load 
current 


=9V to 46V 
vi = Ves to 36V 


= 9V to 46V 


loi Current limiting threshold 
(pin 7) 


Efficiency 


SVR Supply voltage ripple 
rejection 


Voltage stability of =9V to 46V 


switching frequency 


Temperature stability of 


ie 0°C to 125°C 
switching frequency 


Maximum operating 
switching frequency 


Thermal shutdown 
junction temperature 
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ELECTRICAL CHARACTERISTICS (continued) 


DC CHARACTERISTICS 


lie Quiescent drain current 100% duty cycle 
pins 5 and 7 open 


0% duty cycle 


-I7° Output leakage current 0% duty cycle 


SOFT START 


ERROR AMPLIFIER 


V3H High level output voltage Vo = 4.7V I3 = 100uHA eee | eI 
V3L Low level output voltage Vo = 5.3V Iz = 100uA Pf fos |v | 
I3s| Sink output current Vo = 5.3V oo LA 


OSCILLATOR 
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CIRCUIT OPERATION (refer to the block diagram) 


The L4960 is a monolithic stepdown switching 
regulator providing output voltages from 5.1V 
to 40V and delivering 2.5A. 


The regulation loop consists of a sawtooth oscil- 
lator, error amplifier, comparator and the output 
stage. An error signal is produced by comparing 
the output voltage with a precise 5.1V on-chip 
reference (zener zap trimmed to + 2%). 


This error signal is then compared with the saw- 
tooth signal to generate the fixed frequency 
pulse width modulated pulses which drive the 
output stage. 


The gain and frequency stability of the loop can 
be adjusted by an external RC network con- 
nected to pin 3. Closing the loop directly gives 
an output voltage of 5.1V. Higher voltages are 
obtained by inserting a voltage divider. 


Output overcurrents at switch on are prevented 
by the soft start function. The error amplifier 
output is initially clamped by the external capa- 


Fig. 1 - Soft start waveforms 


OSCILLATOR 
OUTPUT 
NOMINAL 
ERROR AMP —>B 
OUTPUT 
OUTPUT 
CURRENT 


LIMIT 


THRESHOLO Wh feats EL Bey Ste ee Es Le 


AVERAGE - 
SHORT CIRCUIT 
CURRENT 

$-7797 


citor C,, and allowed to rise, linearly, as this 
Capacitor is charged by a constant current source. 
Output overload protection is provided in the 
form of a current limiter. The load current is 
sensed by an internal metal resistor connected to 
a comparator. When the load current exceeds a 
preset threshold this comparator sets a flip flop 
which disables the output stage and discharges 
the soft start capacitor. A second comparator 
resets the flip flop when the voltage across the 
soft start capacitor has fallen to 0.4V. 


The output stage is thus re-enabled and the out- 
put voltage rises under control of the soft start 
network. If the overload condition is still present 
the limiter will trigger again when the threshold 
current is reached. The average short circuit cur- 
rent is limited to a safe value by the dead time 
introduced by the soft start network. The 
thermal overload circuit disables circuit oper- 
ation when the junction temperature reaches 
about 150°C and has hysteresis to prevent 
unstable conditions. 


CLAMPED.ERROR 
AMP OUTPUT 


§ -5835 


CURRENT 
TRIGGERS 
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Fig. 3 - Test and application circuit 


R1 R4 
mse Pd 
ca] 15KN 
33nF 3 
1 V 
Vv, O-7 L 4960 0 
150 uH 
2 x 220 pF 
1000 => S Oy a GOV 
uF ) c7 [C6 
C ae 22 R2 
. nF U4.3Kn BY W80 
5 -7798/2 
C6, C7: EKR (ROE) 
L1 = 150uH at 5A (COGEMA 946042) 
CORE TYPE: MAGNETICS 58206-A2 MPP 
N° TURNS 45, WIRE GAUGE: 0.8mm (20 AWG) 
Fig. 4 - Quiescent drain Fig. 5 ~ Quiescent drain Fig. 6 - Quiescent drain cur- 
current vs. supply voltage current vs. supply voltage rent vs. junction tempera- 
(0% duty cycle) (100% duty cycle) ture (0% duty cycle) 


G- 6066 
Ce ee Os ee 
EG ee Wea 
Fe a Ei a a en 


10 20 30 40 V; (Vv) 


Sas OS SGS- 
; 97. ee ee 
18 


L4960 


Fig. 7 - Quiescent drain cur- Fig. 8 - Reference voltage Fig. 9 - Reference voltage 
rent vs. junction tempera- (pin 2) vs. V, vs. junction temperature 
ture (100% duty cycle) | : (pin 2) 

ma 

: fos tecdecele ae Matt 

: ae a 

4 se 
(ae a a 


-25 0 25 50 75 100 Ty (°C) 


Fig. 10 - Open loop fre- Fig. 11 —- Switching fre- Fig. 12 - Switching fre- 
quency and phase responde quency vs. input voltage quency vs. junction tem- 
of error amplifier ads perature 
sip) (is ce 
a ee 
Fe a 


! 10 100 1K 10K 100K IM t (Hz) 10 15 20 25 30 35 40 45 v,(¥) -25 O 25 S50 75 100 125 150 1, (°C) 


Fig. 13 - Switching frequen- Fig. 14 -~- Line transient Fig. 15 - Load transient 
oe vs. R2 (see test circuit) response response 


G-6071 
| T Towetr vourase | ybvpe ices eas We eee! 


; csaus te manes cere tty m LOAD CURRENT ; 
SSH He Ga 
|| 

8 Sean ae(s)aamae ee csss: im OUTPUT VOLTAGE CHANGE : 

Seater = Nee 
(ES Reka (Bae? Skee eane 
POSEN Gs cea, Att) de ciate a4 
fe eelle Sleslie- thet hese 
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Fig. 16 - Supply voltage 
ripple rejection vs. frequency 


AV, =2VAMs 


UTI TMT ee 
70 Ha Yo= Vref 


Fig. 19 - Power dissipation 
derating curve 


0 20 40 60 ~=80 100 = 120 Tampl(?C) 


Fig. 17 - Dropout voltage 
between pin 1 and pin 7 
vs. current at pin 7 


G- 6072 


25 197 (A) 


Fig. 20 - Efficiency vs. 
output current 


100KHz 
200KHz 


Fig. 18 - Dropout voltage 
between pin 1 and 7 vs. 
junction temperature 


G-6073 


nee peels 
foe eae tlle ale or ala 


-25 0 50 100 TCC) 


Fig. 21 - Efficiency vs. 
output current 


Fig. 22 - Efficiency vs. Fig. 23 - Efficiency vs. 
output voltage 


output current 
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APPLICATION INFORMATION 


Fig. 24 - Typical application circuit 


Vj 
O 
C5 
+ Z2pMF 
100HF] 63V | pp 
43KQ 
O 
GND 


S- 932271 


C1, Cg, C7: EKR (ROE) 
D,: BYW80 OR 5A SCHOTTKY DIODE 
SUGGESTED INDUCTOR: L, = 150uH at 5A 
CORE TYPE: MAGNETICS 58206 - A2 - MPP 
N° TURNS: 45, WIRE GAUGE: 0.8mm (20 AWG), COGEMA 946042 


U15/GUP15: N° TURNS: 60, WIRE GAUGE: 0.8mm (20 AWG), AIR GAP: imm, COGEMA 969051. 


Fig. 25 - P.C. board and component layout of 
the Fig. 24 (1: 1 scale) 


CS-0216 


L4960 


Ky. rh thedbetera 
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APPLICATION INFORMATION (continued) 


Fig. 26 - A minimal 5.1V fixed regulator; Very few component are required 
OY, 
100uF 


leaks 
1 
SAWTOOTH Fl 
OSCILLATOR 
* 


150uH Vo25 1V 
43 sie fe) 
i KO e OUTPUT 7 0 
q STAGE 
iBYW80 —— 
5 1V “[2x220 
. REFERENCE MF 
3 RROR 40V 
AMP 


C 4V 


TRERMAL 
SHUTOOWM 


$.7799/4 
* COGEMA 946042 (TOROID CORE) | iss 

969051 (U15 CORE) 22 MF 
** EKR (ROE) 


Fig. 27 - Programmable power supply 
4OVA 


LINE 


Vo =5.1V to 15V s_a800/2 
lo = 2.5A max 
Load regulation (1A to 2A) = 10mV (V, =5.1V) 

Line regulation (220V + 15% and to Ig = 1A) = 15mV (V, =5.1V) 


10/13 . 
yf, SES RONSON 
222 


L4960 


APPLICATION INFORMATION (continued) 
Fig. 28 - Microcomputer supply with + 5.1V, -5V, +12V and -12V outputs 


V,235V 


sete 
2x33000F i 470 uF 
50V — 
EYF 


SAWTOOH 
OSCILLATOR 


EKR 
+5.1V 
O35A 


THERMAL 
SHUTOOWN 


INHIBIT 


*% sywso 


SAWTOOH 
OSCILLATOR 


$-7802/3 
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APPLICATION INFORMATION (continued) 
Fig. 29 - DC-DC converter 5.1V/4A, + 12V/2.5A; a suggestion how to synchronize a negative output 


30Vnom 10 uh +12V/2.5A 
2 


MAINS 


12 OpF 47))F isk. 


150 uH 


$-9323/2 


L1, L3 = COGEMA 946042 (969051) 
L2 = COGEMA 946044 (946045) 
D,,D>5,D3 = BYW80 


Fig. 30 - In multiple supplies several L4960s can be synchronized as shown 
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APPLICATION INFORMATION (continued) 
Fig. 31 - Regulator for distributed supplies 


1.2K 
i. 23nF = L4940V5 
ail 


OS5V-1.5A 


a 


3 2 
1 
V; 
iO L 4960 1501H 
Cj BY W80 
40V 
2.2 iz — — — 
KL 2x220 


[our ene 
$-10325/1 


MOUNTING INSTRUCTION 


The power dissipated in the circuit must be and the package it is better to insert a layer of 


removed by adding an external heatsink. 

Thanks to the Heptawatt package attaching the 
heatsink is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heatsink 


Fig. 32 - Mounting example 


LY. 


SGS-THOMSON 
MICROELECTRONICS 


silicon grease, to optimize the thermal contact, 
no electrical isolation is needed between the 
two surfaces. 


S-6392 
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1.54 POWER SWITHING REGULATOR 


PRELIMINARY DATA 


1.54 OUTPUT CURRENT plastic package and Heptawatt package and 
5.1V TO 40V OUTPUT VOLTAGE RANGE requires very few external components. 
PRECISE (+ 2%) ON-CHIP REFERENCE Efficient operation at switching frequencies 


up to 150KHz allows a reduction in the size 
HIGH SWITCHING FREQUENCY and cost of external filter components. 


VERY FEW EXTERNAL COMPONENTS 
SOFT-START 
INTERNAL LIMITING CURRENT 

@ THERMAL SHUTDOWN 


The L4962 is a monolithic power switching 
regulator delivering 1.5A at a voltage veriable 
from 5V to 40V in step down configuration. 


Features of device include current limiting, 
soft start, thermal protection and 0 to 100% 
duty cycle for continuous operating mode. 


The L4962 is mounted in a 16-lead Powerdip 


@ 
e 
e 
@ 
@ VERY HIGH EFFICIENCY (UP TO 90%) 
e 
e 
e 


Heptawatt 


Powerdip 
(12+ 2 +2) 

ORDERING NUMBER: 

L4962 (12+ 2+2 Powerdip) 
L4962E (Heptawatt) 

L4962EH (Horizontal Heptawatt) 


ABSOLUTE MAXIMUM RATINGS 


Input voltage V 

V7-Ve2 Input to output voltage difference 50 V 
Vo Negative output DC voltage -1 V 
Output peak voltage at t = O.1us, f = 100KHz -5 V 

Vii, Vis Voltage at pin 11, 15 5.5 V 
10 Voltage at pin 10 7 V 
la Pin 11 sink current 1 mA 
lia Pin 14 source current : 20 mA 
Prot Power dissipation at Things S 90°C (Powerdip) 4.3 Ww 
Tease S 9O C (Heptawatt) 15 Ww 

Junction and storage temperature -40 to C 


BLOCK DIAGRAM 


PinX = Powerdip 
8 -"S46n Pin (X) = Heptawatt 


(4)/4512 13 
September 1988 1/12 
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CONNECTION DIAGRAMS 
(Top view) 


OUTPUT 
SOFT START 


OSCILLATOR 
GNO 


FREQ COMP 
FEEDBACK INPUT 


INPUT 


THERMAL DATA 


Heptawatt Powerdip 


Rth j-case Thermal resistance junction-case P 
th J-pins Thermal resistance junction-pins max 14°C , 
th J-amb Thermal resistance junction-ambient 80 C/W 


* Obtained with the GND pins soldered to printed circuit with minimized copper area. 


PIN FUNCTIONS 


HEPTAWATT | POWERDIP | NAME FUNCTION 

1 SUPPLY VOLTAGE Unregulated voltage input. An internal regu- 
lator powers the internal logic. 

2 10 FEEDBACK INPUT The feedback terminal of the regulation loop. 
The output is connected directly to this ter- 
minal for 5.1V operation; it is connected via a 
divider for higher voltages. 

3 11 FREQUENCY A series RC network connected between this 


COMPENSATION terminal and ground determines the regulation 
loop gain characteristics. 


4 4,5,12,13 |GROUND Common ground terminal. 


OSCILLATOR A parallel RC network connected to this ter- 
minal determines the switching frequency. This 
pin must be connected to pin 7 input when the 
internal oscillator is used. 

SOFT START Soft start time constant. A capacitor is con- 
nected between this terminal and ground to 
define the soft start time constant. The capaci- 
tor also determines the average short circuit 
output current. 


oO) Ol 


7 OUTPUT Regulator output. 
1, 3, 6, N.C. 
8, 9, 1 
2/12 SGS- 
= —— ky. tral edit 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T,; = 25°C, V; = 35V, unless 


otherwise specified) 


Trees [| 0 


DYNAMIC CHARACTERISTICS 
ca 
i ewewee  feorvawe ene |e | af 
CCT 
eine ft wren] Le [= 


Vref Internal reference voltage 
(pin 10) 


a mtst Average temperature 


coefficient of refer. voltage 


Dropout voltage 
Maximum operating load 
current 


Current limiting threshold 
(pin 2) 


Vi = OV to 46V 
Vo = Ver to 36V 


= 9V to 46V 
- = Vier to 36V 


Efficiency f = 100KHz 


=1A 


Fe) 


SVR Supply voltage ripple AV, = 2Vems 
rejection Vidae = 100Hz 
= V ret 


Voltage stability of 
AV, switching frequency 


Tj =0°C to 125°C 


Af Temperature stability of 
AT; switching frequency 


frmax Maximum operating 
switching frequency 


Thermal shutdown 
junction temperature 


Gy SGS:THOMSON. 22 
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ELECTRICAL CHARACTERISTICS (continued) 


wacnaics [om [ [me] wo 


DC CHARACTERISTICS 


100% duty cycle 
pins 2 and 14 open 


| 0% duty cycle | 0% duty cycle cycle = 46V 


P| 15 | 20 | ma 
-loy Output leakage current 0% duty cycle Pf | ma 
SOFT START 
a 
fiiss: sieeve =f fs | 70 | 20 | na 


ERROR AMPLIFIER 
eT 
Pere OT 
feel 
ferew mm fom 
ie vewsaonm wre |i fe fo 
oomc 


Gy DC open loop gain Vii=1V to 3V 


OSCILLATOR 


I7Q Quiescent drain current 


liisi Sink output current 


-l4350 Source output current 
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CIRCUIT OPERATION (refer to the block diagram) 


The L4962 is a monolithic stepdown switching 
regulator providing output voltages from 5.1V 
to 40V and delivering 1.5A. 


The regulation loop consists of a sawtooth oscil- 
lator, error amplifier, comparator and the output 
stage. An error signal is produced by comparing 
the output voltage with a precise 5.1V on-chip 
reference (zener zap trimmed to + 2%). 


This error signal is then compared with the saw- 
tooth signal to generate the fixed frequency 
pulse width modulated pulses which drive the 
output stage. 


The gain and frequency stability of the loop can 
be adjusted by an external RC network con- 
nected to pin 11. Closing the loop directly gives 
an output voltage of 5.1V. Higher voltages are 
obtained by inserting a voltage divider. 


Output overcurrents at switch on are prevented 
by the soft start function. The error amplifier 
output is initially clamped by the external capa- 


Fig. 1 - Soft start waveforms 


OSCILLATOR 
OUTPUT 


NOMINAL 
ERROR AMP —> 


OUTPUT 


OUTPUT 
CURRENT 


citor C,, and allowed to rise, linearly, as this 
capacitor is charged by a constant current source. 
Output overload protection is provided in the 
form of a current limiter. The load current is 
sensed by a internal metal resistor connected to 
a comparator. When the load current exceeds a 
preset threshold this comparator sets a flip flop 
which disables the output stage and discharges 
the soft start capacitor. A second comparator 
resets the flip flop when the voltage across the 
soft start capacitor has fallen to 0.4V. 


The output stage is thus re-enabled and the out- 
put voltage rises under control of the soft start 
network, If the overload condition is still present 
the limiter will trigger again when the threshold 
current is reached. The average short circuit cur- 
rent is limited to a safe value by the dead time 
introduced by the soft start network. The 
thermal overload circuit disables circuit oper- 
ation when the junction temperature reaches 
about 150°C and_ has hysteresis to prevent 
unstable conditions. 


CLAMPED.ERROR 
AMP OUTPUT 


SOFT START RAMP 


Fig. 2 - Current limiter waveforms 


LIMIT 
THRESHOLD mz 


AVERAGE - 
SHORT CIRCUIT 
CURRENT 


CURRENT 
LIMITER 
TRIGGERS 
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Fig. 3 - Test and application circuit (Powerdip) 


R1 R4 
4 = 
15K O. 
C3 il 
a. nF 11 
C1 
1000pF abe eee 
4OV 
6 3V C2” CG 
2.2nF 
S-7846/1 


1) Dy: BYW98 or 3A Schottky diode, 45V of VRRM; 
2) Ly: CORE TYPE - MAGNETICS 58120 - A2 MPP 

N° TURNS 45, WIRE GAUGE: 0.8mm (20 AWG) 
3) Cg, Cz: ROE, EKR 220uF 40V 


Fig. 4 - Quiescent drain 


current vs. supply voltage 
(0% duty cycle) 
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Fig. 5 - Quiescent drain 
current vs. supply voltage 
(100% duty cycle) 
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Fig. 6 - Quiescent drain 
current vs. junction tem- 
perature (0% duty cycle) 


a sees ee 
eee ole 
aes Sake 


“25 0 25 50 75 100 TCC) 


hia 
(mA) 
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17 


15 


13 


11 


Fig. 7 - Quiescent drain 
current vs. junction tem: 


perature (100% duty cycle) 
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Fig. 10 ~- Open loop fre- 
quency and phase response 
of error amplifier 
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Fig. 13 - Switching fre- 
quency vs. R2 (see test 
circuit) 
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Fig. 8 ~ Reference voltage 
(pin 10) vs. V, rdip) vs. V 
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Fig. 14 - Line transient 
response 
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Fig. 9 - Reference voltage 
(pin 10) vs. junction tem: 
perature 


Fig. 12 - Switching fre- 
quency vs. 
perature 
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Fig. 15 - Load transient 
response 
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Fig. 16 - Supply voltage 
ripple rejection vs. frequency 
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Fig. 19 - Efficiency vs. 
output current 


Fig. 22 - Efficiency vs. 
output voltage 
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Fig. 17 - Dropout voltage 
between pin 7 and pin 2 vs. 
current at pin 2 
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Fig. 20 - Efficiency vs. 


output current 
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Fig. 23 - Efficiency vs. 
output voltage 
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Fig. 18 - Dropout voltage 
between pin 7 and 2 vs. 


Fig. 21 - Efficiency vs. 
output current 


Fig. 24-Maximum allowable 
power dissipation vs. ambi- 
ent temperature cee) 
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APPLICATION INFORMATION 
Fig. 25 - Typical application circuit 


GND GND 


C1, Cg, C7: EKR (ROE) 

D,: BYW98 OR VISK340 (SCHOTTKY) 

SUGGESTED INDUCTORS (L,): MAGNETICS 58120 - A2MPP - 45 TURNS - WIRE GAUGE 0.8mm (20AWG) - 
COGEMA 946043 

OR U15, GUP15, 60 TURNS Imm, AIR GAP 0.8mm (20AWG) - COGEMA 969051 


Fig. 26 - P.C. board and component layout of the circuit of Fig. 25 (1: 1 scale) 
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APPLICATION INFORMATION (continued) 


Fig. 27 - A minimal 5.1V fixed regulator; very few components are required 


SAWTOOTH 
OSCILLATOR 


150uH 


) Vv 
@ 


THERMAL 
SHUTDOWN 


=" Cas 
* COGEMA 946043 (TOROID CORE) - 22 UF abe 
969051 (U15 CORE) 
** EKR (ROE) 
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Fig. 28 - Programmable power supply 
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1N4002 


14 451213 11 


$- 934211 


Vo =5.1V to 15V 

lo = 1.54 max 

Load regulation (0.5A to 1.5A) = 10mV (V,=5.1V) 

Line regulation (220V + 15% and to Ig = 1A) = 15mV (V, =5.1V) 
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APPLICATION INFORMATION (continued) 
Fig. 29 - DC-DC converter 5.1V/4A, + 12V/1A. A suggestion how to synchronize a negative output 


+12V/ 1A 
O 


MAINS 


L4962 2 
15 11.4,5,12,13 


L1, L3 = COGEMA 946043 (969051) ere 
L2 = COGEMA 946044 (946045) 
Fig. 30 - In multiple supplies several Fig. 31 - Preregulator for distributed supplies 


L4962s can be synchronized as shown 


14 


§-9405/1 


1 
| 
| 
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* L2 and C2 are necessary to reduce the switching frequency spikes 


when linear regulators are remote from L4962 
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MOUNTING INSTRUCTION 


The Rthjamb Of the L4962 can be reduced by 
soldering the GND pins to a suitable copper 
area of the printed circuit board (Fig. 32). 

The diagram of figure 33 shows the Rinj-amp a5 
a function of the side ‘’2’”’ of two equal square 
copper areas having the thickness of 35y (1.4 


Fig. 32 - Example of P.C. board copper area which is 


used as heatsink 
COPPER AREA 35y THICKNESS 


Lda 


P CG. BOARD 


mils). During soldering the pins temperature 
must not exceed 260°C and the soldering time 
must not be longer than 12 seconds. 

The external heatsink or printed circuit copper 
area must be connected to electrical ground. 


Fig. 33 - Maximum dissi- 
pable power and junction to 
ambient thermal resistance 
vs. side “R"’ 
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» DRIVES ONE OR TWO EXTERNAL DARLING- 
TONS 

» DUAL AND SINGLE LEVEL CURRENT 
CONTROL 

a» SWITCHMODE CURRENT REGULATION 

a» ADJUSTABLE PEAK DURATION 

a» WIDE SUPPLY RANGE (4.75-46 V) 

a TTL-COMPATIBLE LOGIC INPUTS 

m THERMAL PROTECTION 


DESCRIPTION 


The L5832 Solenoid Controller is designed for use 
with one or two external darlington transistors in so- 
lenoid and relay driving applications. The device is 
controlled by two logic inputs and features swit- 
chmode regulation of the load current. A key feature 
of the L5832 is flexibility. 


THERMAL DATA 


Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 


Rth J-case 


Rth jramb 


SOLENOID CONTROLLER 


It can be used with a variety of darlingtons to match 
the requirements of the load and it allows both sim- 
ple and two level current control Moreover, the drive 
waveshape can be adjusted by external compo- 
nents. Other features of the device include thermal 
shutdown, a supply voltage range of 4.75-46 V and 
TLL-compatible inputs. 


The L5832 is supplied ina 12 + 2 + 2—lead Power- 
dip package which use the four center pins to 
conduct heat to the PC board copper. 


Powerdip 
12+24+2 


ORDER CODE : L5832 


APPLICATION CIRCUIT USING ONE DARLINGTON 


Vee =5V=45 
aia Cy 
T 'SKATSOKN 


— 
4 
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< 
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ABSOLUTE MAXIMUM RATINGS 


Power Dissipation (Tcase = 80 °C) 
Tstg, T} | Storage and Junction Temperature —40 to 150 


CONNECTION DIAGRAM 


INTERNAL 
Ne CLAMPING 


ont Wen 
CURREN 
CONTROL OUTPUT 


SUPPLY 
SENSING VOLTAGE 


GNO 
GNO 
Cc) INHIBIT 


TIME 
CONSTANT INPUT 


g |] REFERENCE 


PNP 
OUTPUT VOLTAGE 
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BLOCK DIAGRAM 


TIME 
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et 
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| hee ae c77)-~OVest 
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PIN FUNCTIONS 


Name Function 


Not Connected. Must be left open circuit. 


HOLDING CURRENT CONTROL A voltage applied to this pin sets the holding current level. If 
left open circuit an internal 75 mV reference is used and Ih = 


l/6 


SENSING Connection for Load Current Sense Resistor. Value sets the 
maximum load current Ip = 0 45/Rs. 


GROUND Ground Connection. With pins 5, 12 and 13 conducts heat to 
printed circuit board copper. 


Labia 
re 
ae GROUND See Pin4 


A capacitor connected between this pin and ground sets the 
duration of the current peak (t2 In fig.3). 

If left open, the switchmode control of the peak is suppres- 
sed. If grounded, the current does not fall to the holding level. 


DISCHARGE TIME CONSTANT A capacitor connected between this pin and ground sets the 
duration of tot (fig.3). If grounded, switchmode control is sup- 
pressed. 


PNP DRIVING OUTPUT Current Drive Output for External PNP Darlington (for recir- 
culation). | = 35 Ires 


REFERENCE VOLTAGE 


A resistor connected between this pin and ground sets the in- 
ternal current reference, Ire. The recommended value _ is 
1.2kQ, giving IRet = 1 MA. 


10 INPUT TTL - Compatible Input. A high level on this pin activates the 
output, driving the load. 
INHIBIT TTL - Compatible Inhibit Input. A high level on this input disa- 


bles the output stages and logic circuitry, irrespective of the 
State of pin 10. 


NPN DRIVING OUTPUT Current Drive for External NPN Darlington (in series with the 
load). = 100 lrer 


16 INTERNAL CLAMPING Internal Zener Clamp Avaible for Fast Turnoff. 
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ELECTRICAL CHARACTERISTICS (Vs (pin 14) = 14 V, Tamb = 25 °C, Rret = 1.2 KQ, unless other- 


wise specified. Refer to Fig.2) 

Symbot| —Poometr [Test onatone [an [ yp, [ie [ont 
Cs [emiaeveeminiy [a 
ee estos pf 
OS 
Oa 


pln Enable Input Current (pin 11) High State edhe ed 


Viet Internal Reference Voltage (pin 9) ae ew | 
1 300 


| bs | Peak Duration Control Current (pin 6) 


tod Peak Duration Time (pin 6) tod = C1 Vth/Ipa 500 Us 

Vih = 1.4V C1 = 4.7 nF 
La Off Duration Control Current (pin 7) lod = lret / 8 110 130 180 | pA 
Off Duration Time (pin 7) tod = C2 Vth /lod 50 us 

Vin = 1.4V C2 = 4.7 nF 


NPN Driving Current (pin 15) ld1 = 100 lret (only present 130 
during charging phase) 


~ PNP Driving Current (pin 8) lg2 = 35 Irer | 28 | 95 | 48 | 


Peak Current (emitter of NPN Ip = 450 mV/Rsens 4.2 4.5 4.8 
Darlington) Rsens = = 0.1 Q 
Vh= Rsens Ih Pin 2 
lh = Emitter Floating 
Pin 2 Externally V 
Biased 


lret = Vie f/ Rret 
Rret = 1.2 KQ 


Reference Current (pin 9) 


lod = lret/8 


Current of NPN 
Darlington 


Holding Current Control Input 
Impedance (Pin 2) 


Internal Clamping (Pin 16 to 15) 1=200nA 
Dump Protection Threshold Voltage 
(Pin 1) 


Dump Protection Threshold Input 22 32 
Impedance (Pin 1) 


Thermal Drift of Reference Voltage 
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APPLICATION INFORMATION 


The L5832 solenoid controller is intended for use 
with one or two external darlington transistors to 
drive inductive loads such as solenoids, relays, elec- 
tric valves and DC motors. 


Controlled by a logic input and an inhibit input (both 
TTL compatible), the device drives the external dar- 
lington (s) to produce a load current waveform as 
shown in figure 3. This basic waveform shows that 
the device produces an initial current peak followed 
by a lower holding current. Both the peak and hol- 


L5832 


ding current levels are regulated by the L5832’s 
switchmode circuitry . 


The duration of the peak, the peak current level and 
holding current level can all be adjusted by external 
components. 


Moreover, by omitting C1, C2 or both it is possible 
to realize single-level current control, a transitory 
peak followed by a regulated holding current or a 
simple peak (figure 1). 


Figure 1 : Components Connected to Pins 6 and 7 Determine the Load Current Waveshape. 


COMPONENTS ON 
PINS 6 AND 7 
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C2 
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The peak current level Ip, is set by the sensing re- 
sistor, Rsens, and is found from : 


0.45 


lb = 


, Rsens 
The holding current level, Ih, is set by a voltage ap- 
plied to pin 2. If this pin is left open circuit an inter- 
nal reference of 75 mV supervenes and the holding 
current is given by : 


lh= 
6 


Alternatively, this level may be varied by adding a 
divider to pin 2 (R1, R2) and suitable values are 
found from: 


Ih max 1 ( R2 // Rin R2 // Rin } 
= ——_——— Vext+ ———__ Vx 
lo 0 45 V R1 +R2 // Rn Rx = R2 i Rin 
where Vx = 8V, Rx = 5850Q. Rin = 150Q (Rin of pin 2) 


and Vext is the external voltage applied to the divi- 
der. 


Figure 2 : Application Circuit Showing all the Optional Components. In Particular it Illustrates 
how the Holding Current Level is Adjusted Independently of the Peak Current (with 
Ri, R2, Vext) and how the Internal Zener Clamp is Connected. This Circuit Produces 


the Waveforms Shown in Fig.3. 


20 nF ie 
$-5985/1 


The drive currents for the two darlingtons and the 
waveform time constants are all defined by a refe- 
rence current, lref, which is defined in turn by a re- 
sistor between pin 9 and ground. 


The duration of the high current level (t2 in figure 3) 
is set by a capacitor connected between pin 6 and 
ground. This capacitor, 01, is related to the duration, 
T, by: 


The recommended value for lret is 1 mA which is ob- lref T 
tained with a 1.2 kQ resistor. From lret the darling- G1 = = 
ton drive currents are given by : 
PNP : | = 35 lret 
NPN : 1 = 100 lret 
ee 57 86S-THOMSON 
MICROELECTRONICS 
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Figure 3 : Waveforms of the Typical Application Circuit of Fig. 2. 
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The discharge time constant (tot in figure 3) is set by a capacitor between pin 7 and ground and is found 
from: 


12C2 


totf = 
lref 


The tof and ton times are also related to the current ripple , Al : 


LAI LAI 
totf = and ton = 
Vott Von 


where Vott = Vdiode + VcEa1 + Ri IL 
Von = Vs — VceEq2 — Vas— RL It 
L = load inductance 
Ri = load resistance 
A | = load current ripple. 


Note that to# is the same for both the peak and holding currents. 
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Figure 4 : When Pin 6 in Grounded, as Shown here, the Load Current is Regulated at a Single 
Level. 
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n | 


$-5990 


' t 
INPUT 


$-5991 t 


Figure 5 : In this Application Circuit, Pin 6 is Left Open to Give a Single Peak Followed by a 
Regulated Holding Current. 
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Figure 6 : Switchmode Control of the Current can be Suppressed Entirely by Leaving Pin 6 
Open and Grounding Pin 7. The Peak Current is still Controlled. 


LOAD 
CURRENT 


t 
Vin 
INPUT 
$-5993 t 


For fast turnoff an internal zener clamp is available 
on pin 16. 

This is used with an external divider, R8 R9, as 
shown in figure 2. Suitable values can be found 
from : 


Vpin 16 = 15V + Vgeq2 + VRsense 
R9 +R8 


R8 
(Vcae2 Is the voltage at the collector of Q2). 


To ensure stability, a small capacitor (about 200 pF) 
must be connected between the base and collector 
of Q2 when pin 16 is used. 


Veq2= Vpini6 . 


L§832 


INHIBIT O 


7 4512133 


$-S59920) 


For the application circuit of figure 7 toff = 12C2/lrer, 
as before, and the current ripple is given by : 


L In(ILp — Al) - RL + Vi 
R ILp- RU + Ve 


where VL is the voltage across the inductor during 
recirculation. 


Note that if the load is a motor V_ = Eg + Vp. 


toff = — 


$-S5888/1 
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Normally A | is a design parameter therefore C2 can 
be calculated directly from: 


— ret - L 
12 RL 


This application is particularly important because it 
allows the use of inductive loads with the lowest pos- 
sible series resistance (compatible with constructio- 
nal requirements) and therefore reduces notably the 
power dissipation. 


For example, an electric valve driven from 24V 
which draws 2A has a Series resistance of 12Q and 
dissipates 48W . Using this circuit a valve with a 2Q 
series resistance can be used and the power dissi- 
pation is : 


Co = In(ILp —A 1) Ru + Ve 


ILp- RL + Ve 


Pd = Ril? + Voli(1— 8) + Vat - IL 8 + RelL28 


where Ri = resistance of valve = 2Q 
Vp = drop across diode, Vp =1V 
Vsat = Saturation voltage of Q2, = 1V 
Rs = R11 = 220 mQ 
6 = duty cycle = 20 % 

therefore : 


Pd=8+1.6+0.4+0.16 = 10.16W 


This given two advantages : the size (and cost) of 
the valve is reduced and the drive current is redu- 
ced from 2A to about 0.4A. 


The same consideration is also true for DC motors. 


Figure 7 : Application Circuit Using Only one Darlington. The Resistor and Zener Shown Dot- 
ted Activate the Load when Power is Applied. 
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Figure 8: P.C. Board and Component Layout of the Circuit of Fig. 7 (1 : 1 Scale) 
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The application circuit of figure 9 is very similar to 
figure 2 except that it shows the use of two sup- 
plies-one for the control circuit, one for the power 
stage. 


Chose R6 so that the voltage on pin 8 does not 
exceed 46V DC. This can be done simply bearing 
in mind that the pin 8 current is 35 lof 


C$-0178 


R6 must not be too high if a very low supply voltage 
is used because: 


Viena = R6° 16 + 4.75 
Ves orb O= 35" 10° 44.75 =31V 
The zener diode DZ can not exceed 62V because 


when Q1 is off and DZ triggered — the fast recircu- 
lation — the voltage on pin 8 may not exceed 60 V. 
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QUAD DARLINGTON SWITCH 


a» FOUR NON INVERTING INPUTS WITH switches are commoned. Any number of inputs and 
ENABLE outputs of the same device may be paralleled. 

u OUTPUT VOLTAGE UP TO 50 V Two versions are available : the L6221A mounted 

a OUTPUT CURRENT UP TO 1.8A in a Powerdip 12 + 2 + 2 package and the L6221N 

a VERY LOW SATURATION VOLTAGE mounted in a 15--lead Multiwatt package. 


a TTL COMPATIBLE INPUTS 
a INTEGRAL FAST RECIRCULATION DIODES 


DESCRIPTION 


The L6221 monolithic quad darlington switch is des- 
igned for high current, high voltage switching appli- 
cations. Each of the four switches is controlled by a 
logic input and all four are controlled by a common 
enable input. All inputs are TTL-compatible for di- Multiwatt 15 
rect connection to logic circuits. 


Each switch consists of an open-collector darlington ORDER CODES: L6221A 
transistor plus a fast diode for switching applications L6221N 
with inductive device loads. The emitters of the four 


Powerdip 12+2+2 


BLOCK DIAGRAM 


ENABLE 
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ABSOLUTE MAXIMUM RATINGS 


[Ve [OutputVotgeSC~—~—S™SSC‘C~rSC~‘“C~S~ SCS 
TV. [Logic Supply Vonage SSC~—~—~—S—~—SSSSSSC 
‘Vix. Vew| Input Voltage, Enable Vollage—=SS=~=“*‘“*“‘“‘*‘~*srSC“‘“‘*NSCSCSC*C* 
Continuous Collector Current (for each channel) Pa 
|p 
Oe 
| = 40to+ 150 


Collector Peak Current (repetitive, duty cycle = 10 % ton = 5 ms) 


Collector Peak Current (non repetitive, t = 10 ts) 


Total Power Dissipation at Tpins = 90 °C (powerdip) 
at Tcase = 90 °C (multiwatt) 
at Tamb = 70 °C (powerdip) 
at Tamb = 70 °C (multiwatt) 


20 


2.3 


[- connected to pin 8 


L6221A (Powerdip) L6221N (Multiwatt-15) 


S$- 9956 


THERMAL DATA 


Powertip 


Multiwatt-15 


Rth j-pins} Thermal Resistance Junction-pins 14 °C/W 
th j-case}| |hermal Resistance Junction-case Max - 3 °C/W 
Rthj-amb | Thermal Resistance Junction-ambient 80 °C/W 35 °C/W 
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TRUTH TABLE 


H 
H 
L 


For each input: H = High level 
L = Low level 
X = Don't care 


pimp | Power Out 
ON 


H 
L OFF 
X OFF 


PIN FUNCTIONS (see block diagram) 


eine retin 
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ELECTRICAL CHARACTERISTICS Refer to the test circuit to Fig. 1 to Fig. 9 
(VS = 5V, Tamb = 25 © unless otherwise specified) 


[~symbot_| Parameter | Test Conditions | Min. | Typ. [Max.| Unit 
a a es 


Logic Supply Current All Outputs ON 20 mA 
lc = O7A 


-__Al Outputs OFF|__{ {| 20 | ma 


VcE(sus) Output Sustaining Voltage 


loEx Output Leakage Current Voce =50V Ven = VenH Lot 
Vin =VinL 
Voce (sat) Collector Emitter Saturation ve 


Voltage 


(one input on ; all others 
inputs off.) 


| Vivl, VenL | InputLow Voltage =| | Tt | 
Vin=Vink_Vew=Vewt{ | f= 100 | BA | 
Oe  —EE 
cnr oe a High Current Vin =VinH- Ven = VenH eee eee ee ee ae 


Vine = VinL 
penernda Diode Forward Voltage fle=1A ss =1A fle=1A | [| | 46 | vil 
LSE ae en: A 1 CE 


Turn on Delay Time Ve=8VRe=too | | | 2 | ns 
Turn off Delay Time Vp=5V_ Ri = 100 pees Te 


Logic Supply Current Variation | Vin =5V 
lout =— 500 mA for Each 
Channel 
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TEST CIRCUITS 
(X) = Referred to Multiwatt package 
X = Referred to Powerdip package 


Figure 1 : Logic supply current. 


$-9958 


Set Vin = 4.5V, V en = 0 8V, or V in = 0 BV, Ven=4 BV, for Is (all outputs off) 
Set V in = 2V, Ven = 2V, for Is (all outputs on) 


Figure 2 : Output Sustaining Voltage. Figure 3 : Output Leakage Current. 
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Figure 4 : Collector-emitter Saturation Figure 5 : Logic Input Characteristics. 
Voltage. 


Set S1, S2 open, Vin, Ven = 0 8V for lin L, len L 
Set Si, S2 open, Vin, Ven = 2V for tin H, len H 
Set S1, Se close, Vin, Ven = O 8V for Vin L, Ven L 
Set Si, S2close, Vin, Ven = 2V for Vin H, Ven H 


Figure 7 : Clamp Diode Forward Voltage. 
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Figure 8 : Switching Times Test Circuit. Figure 9 : Switching Times Waveforms. 
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Figure 12 : Collector Saturation Voltage 
vs. Collector Current. 
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Figure 14 : Collector Saturation Voltage 
vs. Junction Temperature 
at lc = 1A. 
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Figure 16 : Saturation Voltage vs. Junc- 


tion Temperature at IC = 1.8A. 
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-50 -25 0 25 50 75 100 = T,(°C) 


15 VE cat (Y) 


Figure 13 : Free-wheeling Diode Forward 
Voltage vs. Diode Current. 
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Figure 15 : Free-wheeling Diode Forward 
Voltage vs. Junction Tempera- 
ture at IF = 1A. 
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Figure 17 : Free-wheeling Diode Forward 
Voltage vs. Junction Tempera- 
ture at If = 1.8A. 
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L6221A-L6221N 


Figure 18. APPLICATION INFORMATION 


When inductive loads are driven by L6221A/N, a ze- 
ner diode in series with the integral free-wheeling 
diodes increases the voltage across which energy 
stored in the load is discharged and therefore 
speeds the current decay (fig. 18). 


For reliability it is suggested that the zener is cho- 
sen so that Vp + Vz < 35 V. 


The reasons for this are two fold : 


1) The zener voltage changes in temperature and 
current. 


2) The instantaneous power must be limited to avoid 
the reverse second breakdown. 


S- 9965/1 


Figure 19 : Driver for Solenoids up to 3A. 


VCLAMP 
(35Vmax) Yp 
C) © 


L6221A 


© 
ENABLE S-9966/1 
Some care must be taken to ensure that the collec- lar electrical characteristics of the logic section (turn- 
tors are placed close together to avoid different cur- on and turn-off delay time) and the power stages 
rent partitioning at turn-off. (collector saturation voltage, free-wheeling diode 


We suggest to put in parallel channel 1 and 4 and _—«‘forward voltage). 
channel 2 and 3 as shown in figure 19 for the simi- 
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L6221A-L6221N 


Figure 20 : Saturation Voltage vs. Figure 21 : Peak Collector Current vs. 
Collector Current. Duty Cycle for 1 or 2 Paralleled 
Outputs Driven (L6221A). 
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Figure 22 : Peak Collector Current vs. 
Duty Cycle for 1 or 2 Paralleled 
Outputs Driven (L6221N). 
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MOUNTING INSTRUCTION 


The Rin j-amb Of the L6221A can be reduced by sol- 
dering the GND pins to a suitable copper area of the 
printed circuit board (Fig. 23) or to an external heat- 
sink (Fig. 24). 

The diagram of figure 25 shows the maximum dis- 
sipable power Pitot and the Rih ;-amb as a function of 
the side " o" of two equal square copper areas ha- 


Figure 23 : Example of P.C. Board Copper 


Area Which is Used as Heatsink. 


COPPER AREA 35» THICKNESS 


Yj 4 
Ys," | YA 


P C BOARD 


Figure 25 : Maximum Dissipable Power 
and Junction to Ambient Ther- 
mal Resistance vs. Side " a". 


amb = 70°C) 


L6221A-L6221N 


ving a thickness of 35u (1.4 mils). During soldering 
the pins temperature must not exceed 260 °C and 
the soldering time must not be longer than 12 se- 
conds. 


The external heatsink or printed circuit copper area 
must be connected to electrical ground. 


Figure 24 : External Heatsink Mounting 
Example. 


1.9mm 


Figure 26 : Maximum Allowable Power 
Dissipation vs. Ambient 
Temperature. 
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QUAD TRANSISTOR SWITCH 
» OUTPUT VOLTAGE TO 50 V The emitters of the four switches are commoned. 
a OUTPUT CURRENT TO 1.2A Any number of inputs and outputs of the same de- 
a» VERY LOW SATURATION VOLTAGE vice may be paralleled. 


a» TTL COMPATIBLE INPUTS 
» INTEGRAL SUPPRESSION DIODE 


This device is intended to drive coils such as relays, 
solenoids, unipolar stepper motors, LED, etc. 


DESCRIPTION 


The L6222 monolithic quad transistor switch is des- 
igned for high current, high voltage switching appli- 
cations. 


Each of the four switches is controlled by a logic in- 
put and all four are controlled by acommon enable 
input. All inputs are TTL-compatible for direct 
connection to logic circuits. Each switch consists of 
an open-collector transistor plus a clamp diode for 
applications with inductive loads. 


Powerdip 12 +242 


ORDER CODE :L6222 


Figure 1 : Unipolar Stepper Motor Drive. 


a 


4,5,12,13 
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L6222 


ABSOLUTE MAXIMUM RATINGS 


Symbol] Parameter | ate | Unit 
1 
om 


Collector Current (PEAK) 


Operating Temperature Range (junction) — 40 to + 150 °C 


Storage Temperature Range : — 55 to + 150 


CONNECTION DIAGRAM (top view) 


Vs 

Vss 

Vin 
Ic 
op 


T 
T stg 


$-9299 


TRUTH TABLE 


[enable Sdn SSidCOSSC er 


H H ON 
H L OFF 
L X OFF 


For each input H = High level 
L = Low level 
X = Don’t care 


THERMAL DATA 


Rth j-amb | Thermal Resistance Junction-ambient Max. 80 
Rthj-case| Thermal Resistance Junction-case Max. 14 
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L6222 


ELECTRICAL CHARACTERISTICS (Tam» = 25 °C, unless specified) 


Cir eee a ee eee 
| Vss_| togicSuppy Votage | || 


VcE (sus)| Output Sustaining Voltage Vin = 0.8 V 
lc = 100 mA 

IcEx Output Leakage Current Voce = 50 V 
Vin = 0.8 V 


VcE (sat) | Collector Emitter Saturation Voltage Vin = 2.0V MWeeOtA. hl i Oo. 
licosoaa | | | os |v 
ie=o7A | | +i 09 

Vit Input low Voltage a a 


Pos | 
[et Get ines Ye 
2 eee eae A a Lal I 


as 
Is Logic Supply Current eee = 5 Vj All Outbuts =} 
Ic = 0.7 A 


All Outputs 
OFF 


Pep 
fiest2a SO 2 
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L7150 
L7152 


50 V QUAD DARLINGTON SWITCHES 


a» FOUR NPN DARLINGTONS WITH ISOLATED 
CONNECTIONS 

» OUTPUT CURRENT TO 1.5 AEACH DARLING- 
TON 

a MINIMUM BREAKDOWN 50 V 

mw MULTIWATT PACKAGE ALLOWS OPERA- 
TION AT 1.5 A, 50 V, 100 % DUTY CYCLE, ALL 
FOUR DEVICES ON 

a INTEGRAL SUPPRESSION DIODES 

a» VERSIONS FOR 5 V AND 6-15 V LOGIC FAMI- 
LIES 


DESCRIPTION 


The L7150 and L7152 are 1.5 A quad darlington ar- 
rays mounted in the 15-lead Myltiwatt™ plastic 
package. Each darlington is equipped with a sup- 
pression diode for inductive loads and all three ter- 
minals are isolated. 


CONNECTION DIAGRAM (top view) 


Tab connected to pin8 


September 1988 


The L7150 has 350 input resistors and is compati- 
ble with TTL, DTL, LSTTL and 5 V CMOS logic. The 
L7152 has 3 KQ input resistors for use with 6-15 V 
CMOS and PMOS logic. 


These devices are suitable for driving a wide range 
of inductive and non-inductive loads including DC 
motors, stepper motors, solenoids, relays, lamps, 
multiplexed LEDs and heaters. 


Multiwatt-15 


ORDER CODES : L7150 
L7152 
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L7150-L7152 


ABSOLUTE MAXIMUM RATINGS 


Input Current 
Ptot Power Dissipation (Tcase = 75 °C) 


Operating Ambient Temperature Range 


Vv 


Tamb 
Tstg 


Storage Temperature 


SCHEMATIC DIAGRAM 


L7150 Rin= 350Q 
L7152 Rin= 3KQ 


ELECTRICAL CHARACTERISTICS (Tamp = 25 © unless otherwise specified) 


Symbol Test Condtions 


Icex | Output Leakage Current | Vce =50 V Tamb = 70°C 
Vee =50V 


Sustaining Voltage” 


VcE (sat) | Collector-emitter lc = 500 mA lp =625 wtA 
Saturation Voltage Ic = 750 mA lp = 935 pA 
Input Current 


Ic =1A Ip = 1.25 mA 


for L7150 Vi, =2.4V 

for L7150 V,=3.75 V 
for L7152 
for L7152 


Viion) | Input Voltage for L7150 
Voce =2V lc=1A 
Voce =2V Ic =1.5A 
for L7152 
Voce =2V Ic=1A 6.5 
Voce =2V loves 1co 10 
[tein [Turn-on Delay Time josvitoosve, | +i +i 1 i) ws | 


| ten |Turn-off Delay Time fosvitoosve | | tt | ws | 


(*) tisus) =10 Hs. 
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L7150-L7152 


THERMAL DATA 
Rth j-case| Themal Resistance Junction-case Max 3 °C/W 
Rth j-amb | Thermal Resistance Junction-ambient Max 35 °C/W 


TEST CIRCUIT 


Figure 1. Figure 2. 


Figure 3. Figure 4. 


Figure 5. 
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L7150-L7152 


MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be remo- 
ved by adding an external heatsink. 

Thanks to the Multiwatt® package attaching the 


heatsink is very simple, a screw or compression 
spring (clip) being sufficient. Between the heatsink 


Figure 6 : Mounting Example. 


and the package it is better to insert a layer of sili- 
con grease, to optimize the thermal contact ; no 
electrical isolation is needed between the two sur- 
faces. 
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80 V QUAD DARLINGTON SWITCHES 


a FOUR NPN DARLINGTONS WITH ISOLATED 
CONNECTIONS 

a OUTPUT CURRENT TO 1.5 A EACH DARLING- 
TON 

a MINIMUM BREAKDOWN 80 V , 

a MULTIWATT PACKAGE ALLOWS OPERA- 
TION AT 1.5A, 80 V, 100 % DUTY CYCLE, ALL 
FOUR DEVICES ON 

a INTEGRAL SUPPRESSION DIODES 

a» VERSIONS FOR 5 V AND 6-15 V LOGIC FAMI- 
LIES 


DESCRIPTION 


The L7180 and L7182 are 1.5 A quad darlington ar- 
rays mounted in the 15-lead Multiwatt® plastic 
package. Each darlington is equipped with a sup- 
pression diode for inductive loads, and all three ter- 
minals are isolated. 


ABSOLUTE MAXIMUM RATINGS 


The L7180 has 350 Q input resistors and is compa- 
tible with TTL, DTL, LSTTL and 5 V CMOS logic. 
The L7182 has 3 KQ input resistors for use with 6- 
15 V CMOS and PMOS logic. 


These devices are suitable for driving a wide range 
of inductive and non-inductive loads including DC 
motors, stepper motors, solenoids, relays, lamps, 
multiplexed LEDs and heaters. 


Multiwatt 15 


ORDER CODES: L7180 
L7182 


Symbol | _ Parameter Test Conditions | unit 
_Vcex | Output Voltage 80 V 
lo Output Current a 4 75 ae A 
Vv, Input Voltage ; - 60 a V 
lp _| Input Current 25 mA 
Power Dissipation (Tcase = 75 °C) 25 |W 
Operating Ambient Temperature Range 0 to 70 °C 
Storage Temperature ; | -55to150 | © 
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L7180° Rin = 350 Q 
L7182:Rn=3KQ 
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L7180-L7182 


CONNECTION AND SCHEMATIC DIAGRAMS (top view) 


L7180 : Rin = 350 Q 
B1 L7182:Rin=3 KQ 


$-5958/1 


Tab connected to pin8 


THERMAL DATA 


Rth j-case Thermal Resistance Junction-case Max | 3 °C/W 
Rth j-amb Thermal Resistance Junction-ambient Max |! 35 °C/W 


ELECTRICAL CHARACTERISTICS (T.mp = 25 © unless otherwise specified) 


Parameter ! Test Conditions | Min. | Typ. | Max. “Unit Fig. | 
Output Leakage Current Vce = 80 V : 100 WA 
Vce =80V Tam = 70 °C 500 | pA | 
VceER(sus)) Collector-emitter lc = 50 mA V,=04V 50 | | V 2 


| .___ | Sustaining Voltage(") | 
Voce (sat) | Collector-emitter Ic = 500 mA Ip = 625 pA | 1.15 


V 
Saturation Voltage lo = 750 mA lp = 935 WA 1.3 V 3 
lo=1A lp = 1.25 mA 1.4 V 
Ic =1.5A lg = 2.25 mA | V 
li(on) Input Current - For L7180 V,=24V 1.4 4.3 mA 
For L7180 V, =3.75 V 3.3 | 9.6 mA A 
- For L7182 VieSV 0.6 1.8 |) mA 
For L7182 V,=12V : 5.2 mA 
Viton) | Input Voltage For L7180 
'Vop =2V Ic=1A 2 V 5 
Vee =2V Ic =1.5A 2.5 V 
' For L7182 
Voce =2V lc =1A V 
Voce =2V Ic =15A V 
| Turn-on Delay Time 0.5 V, to 0.5 Vo 
Turn-off Delay Time 0.5 V, to 0.5 Vo 


(*) tus) = 10 pts 
Guaranteed by design ; not tested 100 % 
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L7180-L7182 


TEST CIRCUITS 
Figure 1. Figure 2. 


Figure 3. Figure 4, 


S-1986 


Figure 5. 
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L7180-L7182 


MOUNTING INSTRUCTIONS 


The power dissipated in the circuit must be remo- 
ved by adding an external heatsink. 


Thanks to the Multiwatt® package attaching the 
heatsink is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heatsink 


Figure 6 : Mounting Example. 


and the package it is better to insert a layer of sili- 
con grease, to optimize the thermal contact ; no 
electrical isolation is needed between the two sur- 
faces. 
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POSITIVE VOLTAGE REGULATORS 


nm OUTPUT CURRENT UP TO 1.5A 

a OUTPUT VOLTAGES OF 5;6;8;8.5;12; 15; 
18 ; 20; 24V 

a» THERMAL OVERLOAD PROTECTION 

a SHORT CIRCUIT PROTECTION 

x» OUTPUT TRANSISTOR SOA PROTECTION 


DESCRIPTION 


The L7800 series of three-terminal positive regula- 
tor is available in TO-220 and TO-3 packages and 
with several fixed output voltages making it useful 
in a wide range of applications. These regulators 
can provide local on-card regulation, eliminating the 
distribution problems associated with single point 
regulation. Each type employs internal current limi- 
ting, thermal shut-down and safe area protection, 
making it essentially indestructible. If adequate heat 
sinking is provided, they can deliver over 1A output 
current. Although designed primarily as fixed vol- 
tage regulators, these devices can be used with ex- TO-220 
ternal components to obtain adjustable voltages 
and currents. 


BLOCK DIAGRAM 


Ea 


PA 
Ea 
CURRENT 
GENERATOR PROTECTION 
STARTING REFERENCE 
CIRCUIT VOLTAGE 


ERROR 


AMPLIFIER 
THERMAL 
PROTECTION 
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L7800 SERIES 


ABSOLUTE MAXIMUM RATINGS 


Vj DC Input Voltage (for Vp =5 to 18V) a ie 
(for Vo = 20, 24V) 40 

| Output Current Internally timited | 

| Power Dissipation = |Internaly limited | 


T Operating Junction Temperature (for L7800) — 55 to + 150 °C 
(for L7800C) 0 to + 150 °C 


Storage Temperature — 65 to + 150 


THERMAL DATA 


Symbol Parameter TO-220 | = TO-3 =| Unit | 
Rthj-case| Thermal Resistance Junction-case Max 4 °C/W 
Rth j-amb | Thermal Resistance Junction-ambient Max 35 °C/W 


CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 


o 
me] 


| OUTPUT OUTPUT 


| a) GROUND 
GND 
| INPUT INPUT 


S- 256913 


S- 2568/1 


TO-220 tenet 


L7805T 
L7805CV L7805CT 
L7806T 
L7806CV L7806CT 
L7808T 
L7808CV L7808CT 
L7885CV L7885CT 
L7812T 
L7812CV L7812CT 
L7815T 
L7815CV L7815CT 
L7818T 
L7818CV L7818CT 
L7820T 
L7820CV L7820CT 
L7824T 
L7824CV L7824CT 
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L7800 SERIES 


APPLICATION CIRCUIT 


$-2709/2 


SCHEMATIC DIAGRAM 
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L7800 SERIES 


TEST CIRCUITS 
Figure 1 : DC Parameters. Figure 2 : Load Regulation. 


S-2709/2 


Figure 3 : Ripple Rejection. 
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L7800 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7805 (refer to the test circuits, T, = — 55 to 150°C 
V, = 10V, |, = 500mA, OC; = 0.838uF, C, = 0.inF unless otherwise specified) 


Symbol| Parameter || __—Test Conditions |_ Min. | Typ. | Max. | Unit _| 


Vo Output Voltage lp =5mA to 1A P, < 15W 4.65 5 5.35 V 
AV,* | Line Regulation V, =7 to 25V T, = 25°C 3 50 mV 
AV,>* | Load Regulation lp =5 to 1500mA T, = 25°C 100 mV 

lo = 250 to 750mA T, = 25°C 25 mV 
| la | Quiescent Current T, = 25°C a ae ee 


| Ala | Quiescent Current Change | I, =5 to 1000mA a ee ee 
Quiescent Current Change | V, = 8 to 25V 


| ale | | | ma 
es Ha Ld al 
AT 


ew | Output Noise Vonage | B= 1oHe to 100Kh T2250 [| +a | wwe | 
[ve [Dropout Votage sda =tA SSCS wwe 
[Re | Output Resistance —~dfe tke nf 


ELECTRICAL CHARACTERISTICS FOR L7806 (refer to the test circuits, T, = — 55 to 150°C 
V, = 11V, |, = 500mA, C, = 0.33nF, C, = 0.1uF unless otherwise specified) 


[Test Conditions | win. | Typ. | Max. 


Vo Output Voltage lop = 5mA to 1A Po < 15W 5.65 6.35 V 
V,=9to21V 
AV," | Line Regulation V, =8 to 25V T, = 25°C 
AV." Load Regulation lp =5 to 1500mA T, = 25°C 
o = 250 to 750mA 


d Dropout Voltage lp = 1A Ty 


Te | Output Resisiance [tate —SSSC—~C~dSSC‘ir | 


* Load and line regulation are specified at constant junction temperature Changes in Vo due to heating effects must be taken Into ac- 
count separately. Pulce testing with low duty cycle is used. 
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L7800 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7808 (refer to the test circuits, T, = — 55 to 150°C 
V, = 14V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified) 


[Symbol] Parameter | Test Conditions | win. | Typ. | wax | Un 
P ve [ouput volage ideas SCSC~=<—~— | ws | 


Vo Output Voltage Il, = 5mA to 1A P, < 15W 7.6 8.4 V 
V, = 11.5 to 23V 

AV,>* | Line Regulation V, = 10.5 to 25V T, = 25°C 80 mV 

V,=11 to 17V T, = 25°C 40 mV 

AV," | Load Regulation lp =5 to 1500mA T, = 25°C 100 mV 

lp = 250 to 750mMA ~—s-‘T, = 25°C 40 mV 


alg | Quiescent Curent Ghange [1p = to 1000ma__——S~dY Sim 
alg | Quiescent curent Cnange | Vi=t15to2sv———*+Y~SS*dY Sid | ma 


AT 


Ten | Output Nose Votage | B= Tore to tooKne “eee | Piao 
[Re | Output Resistance [tee SSSs—=~—~idSC‘“‘i™ *| dt 
Tee | Shor Girut Curent | Vizasv——Sswaso| Cid oe | te | 


ELECTRICAL CHARACTERISTICS FOR L7812 (refer to the test circuits, T, = — 55 to 150°C 
V, = 19V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified) 


[Symbol] Parameter [ Test Conditions | win. | Typ. | Max. [ Unit | 


Output Voltage lp =5mA to 1A Py < 15W 11.4 12 12.6 V 
V, = 15.5 to 27V 
A Line Regulation V, = 14.5 to 30V T, = 25°C 
V, = 16 to 22V T, = 25°C 
A Load Regulation I, =5 to 1500mA T, = 25°C 120 mV 
o = 250 to 750mA ~~ siT,, = 25°C 60 mV 
pla | ane mA 


Quiescent Current T, = 25°C 
Quiescent Current Change } |, = 5 to 1000mA 
| Ala | Quiescent Current Change | V, = 15 to 30V PT fom 


Output Voltage Drift lb =5mA Lee mvV/°C 
A 


[en | Output Noise Votage | B= 10Hato 100KHe Taso | | +) 40 Pawn 
[Sve | Supply Voltage Rejection | Vi=15t025Vtataolz | ei || +B 
Fee | 


Vo 

Vo" 

Vo" 
+ 


* Load and line regulation are specified at constant Junction temperature. Changes in Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 
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L7800 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7815 (refer to the test circuits, T, = — 55 to 150°C 
V; = 28V, |, = 500mA, C, = 0.33uF, C, = 0.1puF unless otherwise specified) 


[Symbol] Parameter [Test Conditions | win. | typ. | Max. | Unit 
[ve ouparvotge eae na Ts ee Tv 


Output Voltage ‘ = 5mA to 1A Po < 15W 14.25 15 15.75 V 
= 18.5 to 30V 
Vo" | Line Regulation : = 17.5 to 30V T, = 25°C 150 mV 
V, =20 to 26V ~ = 25°C 75 mV 
AV 9* Load Regulation lp = 5 to 1500mA = 25°C _ 
lo = 250 to 750mA : = 25°C 
ea TN NARS DEY A 


ais cesar Core age fe == son Pas Pa 


AT 


[Drsot Yoage 1A Teac | | 2 | 2s |v 
[Oupu Resstnes [rene 
eo a ee 


ELECTRICAL CHARACTERISTICS FOR L7818 (refer to the test circuits, T, = — 55 to 150°C 
V, = 26V, |, = 500mA, C, = 0.33uF, C, = 0.1pF unless otherwise specified) 


[egaveige [zero |e fv 


Output Voltage 7 =5mA to iA Po < 15W 17.1 18.9 V 
V, = 22 to 33V 
Line Regulation y = 21 to 33V = 25°C 180 mV 
= 24 to 30V = 25°C 90 mV 
Load Regulation I, =5 to 1500mA = 25°C 180 mV 
= 250 to 750mA = 25°C aa ra 
ee T= 25°C 


ee a 
ne 


[Ouiput Nese Voge | B= tore to toot Tyoaso [| 40 | [ava 
Si ior Reais [Vicars Totem —[-@ [Pa 
9 Co a a oe ew 
[os | Sort Creat Curent | vinaev eae | ors ae | a 
sep | Short CreuitPeak Curent [T)-20—SSsS~C~—tCt Pa | ge 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle 1s used. 
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L7800 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7820 (refer to the test circuits, T, = — 55 to 150°C 
V, = 28V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified) 
| Typ. | Max. | 


Output Voltage T, = 25°C 0 
: 


Output Voltage lp = 5mA to 1A Po < 15W 19 
V, = 24 to 35V 
Line Regulation V, = 22.5 to 35V T; = 25°C 200 
V, = 26 to 32V T; = 25°C 100 
Load Regulation Ilo =5 to 1500mA T, = 25°C 200 
lp = 250 to 750mA T, = 25°C 100 
My ortle — ot Quiescent Current T, = 25°C 4 
I Ala | Quiescent Current Change = 5 to 1000mA Pees od 


xe 

mV 

mV 

| 

lo 

Cc 
V 
mQ 
A 
A 


A 


Output Noise Voltage B = 10Hz to 100KHz_T, = 25°C 
Supply Voltage Rejection V, = 24 to 35V f = 120Hz 58 
Dropout Voltage lo = 1A T, = 25°C 

lee = T, 


eens! 

| 05 

| 08 

FO ins 
o | | ave | 

floes 
2 | 25 
a 
| 12 


4 


5 
Ie tees Short Circuit Current V, = 35V = 25°C a 0.75 
Short Circuit Peak Current | T, = 25°C 


ELECTRICAL CHARACTERISTICS FOR L7824 (refer to the test circuits, T, = — 55 to 150°C 
V, = 33V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified) 


all Output Voltage T, = 25°C 
Output Voltage |, = 5mA to 1A P, < 15W 22.8 
V, = 28 to 38V 
Line Regulation V, =27 to 38V T, = 25°C 
V, = 30 to 36V T, = 25°C 
A Load Regulation lp =5 to 1500MA T, = 25°C 


ala | Quiescent Current Ghange | Vi=2atosev 
A 
A 
S 
V 


| 
| 
a 
3 
anal 

3 


| Typ. | Max. | 
Vv 
BEE 
120 mV 
MEE 
mV 

mA 
mA 
mA 


ited 
120 
| mA 
_ mA | 


|B 
a 
| mo | 
a eal 


pe Output Voltage Drift lp = 5mA 


ao 
ae 
ieee ea 
| 
[en | Output Noise Votage | 8 = 10He to tooKHe “Tyaaso | | a 
[vA | Supply Votage Rejection [vi eBt00BV t= t20He | 56 | 
0 m8 
[lee | Short Grout Curent | vicosv—itjaasro | —~*dare A 
A 


Short Circuit Peak Current | T, = 25°C oe. | LAL] 


* Load and line regulation are specified at constant junction temperature. Changes In Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle ts used. 


3 
40 
2 
28 
22 


= 
ae 
ame 
4 
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L7800 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7805C (refer to the test circuits, T, = 0 to 125°C 
V, = 10V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified) 


Output Voltage lp = 5mA to 1A Py < 15W 4.75 
V, =7 to 20V 
FES 


yn 
“i 
3 
rey 
° 


Vo 
Vo 
AV)" Line Regulation V, =7 to 25V T, = 25°C 
AV ,* Load Regulation lp = 5 to 1500mMA T, = 25°C 100 
lo = 250 to 750mMA T, = 25°C 


Quiescent Current T, = 25°C 
lo 
[= 


V 
V 
mV 
mV 
mV 
mV 
i 
mA 


3 
meEx 
ST 
a 
a aa 
aa 
a 
a 
a 
Ps 
Pe 


5.2 
50 
aa 


De 
Pasiltes 
f = 1KHz 

Short Circuit Current 
i 


ELECTRICAL CHARACTERISTICS FOR L7806C (refer to the test circuits, T, = 0 to 125°C 
V, = 11V, |p = 500mA, C, = 0.33uF, C, = 0.1pF unless otherwise specified) 


V 
[Parameter [Test Conditions | -Min. | Typ. | Max. | Unit 
575 | 6 | 625 | Vv | 

aid Sa 
mV 
= 


+ 


En 
SVR 
Va 
Isc 


Isep } = 25°C 


w 
< 
os 
= 


Ve 
Vo Output Voltage lp = 5mA to 1A Py < 15W 5.7 
V,=8 to 21V 
AV ,* Line Regulation V, =8 to 25V T, = 25°C 120 
V, =9 to 13V T, = 25°C 60 
AV,* | Load Regulation lp = 5 to 1500mA T, = 25°C 120 
lp = 250 to 750mMA T, = 25°C 60 
Ty = 25°C eae dl | 8 | ms | 
Quiescent Current Change | |, = 5 to 1000mA a | mA | 
Quiescent Current Change | V, =8 to 25V 


mV 
mV 
mA 
mA 
a 
x al SO Kos 
+ 


ma 
= 

[Ouiput Noise Votage | B= tovizto t0oKiz 1-250 | | a | [awn 
vA | Supply Votage Rejection | Vi=eto tev fateoz [se [| 
Va | Dropout Votgo [neta SSCs (| 
is 

ee 

[ee 


Los 
ae 


ge 


2 
Short Circuit Current V, = 35V T, = 25°C 
Iscp Short Circuit Peak Current | T, = 25°C 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 


5 
Output Resistance f = 1KHz 

0 

2 


| dB 
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L7800 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7808C (refer to the test circuits, T, = 0 to 125°C 
V, = 14V, |, = 500mA, C, = 0.83uF, C, = 0.1uF unless otherwise specified) 


[Symbol] Parameter | Test Conditions | win. | Typ. | Wax | Unit 
[ve | Guiputvonege —«dpteascSSC*~<~sdSCS | |e | 


Vo Output Voltage lo = 5mA to 1A Po < 15W 7.6 8.4 V 
V, = 10.5 to 25V 

AV,>* | Line Regulation V, = 10.5 to 25V T, = 25°C 160 mV 

V,=11to0 17V T, = 25°C 80 mV 

AV 9* Load Regulation lp = 5 to 1500MA T, = 25°C 160 mV 

lo =250 to 750mMA_~ =e: T, = 25°C 80 mV 


Quiescent Current T, = 25°C 


elias oe 
| Aly | Quiescent Current Change | lo =5to1000mA | 
aly | Quiescent Curent Change [V.=108to25v «| 
AT 
En 
SVR 
Va 
Isc 


Output Voltage Drift lo =5mA _ 


| 3m] 
? 
| 
Baca i a IE 
ei iar 
Eee | Tne] 

Eom 


(Wee 2 Short Circuit Current V, = 35V T, = 25°C 450 
Short Circuit Peak Current | T, = 25°C Pee er a 


ELECTRICAL CHARACTERISTICS FOR L7885C (refer to the test circuits, T, = 0 to 125°C 
V, = 14.5V, 1, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified) 


Parameter Test Conditions 
T, = 25°C 


lb = 5mA to 1A 
V,=11 to 26V 


V, = 11.5 to 17.5V T, = 25°C 
l,=5to1500mA ~— T, = 25°C 
o = 250 to 750mMA ~—siT,, = 25°C 


lb = 5 to 1000mMA 


AV lp =5mA 


en Output Noise Voltage B =10Hz to 100KHz_ T, = 25°C 
VR Supply Voltage Rejection V, =12 to 22V f = 120Hz 


| en 
Dropout Voltage lp = 1A 
| Ro 


f = 1KHz 


sc 


scp 


“Load and line regulation are specified at constant junction temperature. Changes In Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle 1s used. 
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L7800 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7812C (refer to the test circuits, T, = 0 to 125°C 
V, = 19V, |, = 500mA, C; = 0.33uF, C, = 0.1uF unless otherwise zeit 


Symbol Test Conditions Hie Type | Mes eat 
ve Output Voltage T; = 25°C | 44.5 | | 12.5 | 


Output Voltage lp = 5mA to 1A Py < 15W 11.4 a 12.6 
Vi = 14.5 to 27V 


Line Regulation Vi = 14.5 to 30V Tj = 25°C 
Vi = 16 to 22V Tj = 25°C 


Load Regulation lp = 5 to 1500mA T; = 25°C 240 mV 

lp =250 to 750mMA =‘ Tj = 25°C 120 mV 
Sea ae T) = 25°C ae a ae ee 
Pale, | Quiescent Current Change | |, =5 to 1000mA FE Loma 


Se ae 


Output Voltage Drift lp =5mA cae mV/°C 


a a LR HD aE 
a tet ote Sunt | vinsev Tinaee| oo fon 
teen | Shor Cieut Peak Covent [T,=250 ——S—S~idSCSC‘idt CP 


ELECTRICAL CHARACTERISTICS FOR L7815C (refer to the test circuits, T, = 0 to 125°C 
V, = 23V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified) 


Output Voltage = 5mA to 1A Po < 15W 14.25 15 15.75 
V, = 17.5 to 30V 


Line Regulation V, = 17.5 to 30V T; = 25°C 300 

V, = 20 to 26V T, = 25°C 150 

Load Regulation ‘ =5 to 1500mA : = 25°C 300 
= 250 to 750mA = 25°C 150 


— emer —Te = 25°C 
| Als 
| Ala | 


eae 
> 


Quiescent Current Change = 5 to 1000mA —— 
Quiescent Current Change = 17.5 to 30V a 


co) 
aR 
>| > 


AVo Output Voltage Drift - = 5mA 
=m 


B-i0Hz to 100KHz 7-250 || 00 | WN 
“Eva [ Supply Volage Rejection | Vi= 105 to2e5v t= 120% |e ||| a 
[Re [ Output Resistance ite ——SSSC~—~iSSC‘d time 
teen “| Short Greuit Peak Curent [Ty-a56 SSSC*dSCSC‘i ns “PA 


* Load and line regulation are specified at constant junction temperature. Changes tn Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle Is used. 
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L7800 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7818C (refer to the test circuits, T, = 0 to 125°C 
V; = 26V, |, = 500mA, C, = 0.33uF, C, = 0.1u.F unless otherwise specified) 


Output Voltage T, = 25°C 


| 
Output Voltage lo =5mA to 1A P, < 15W 17.1 18.9 V 
Line Regulation V, = 21 to 33V T, = 25°C 360 mV 
V, = 24 to 30V T, = 25°C 180 mV 
Load Regulation lo = 5 to 1500MA T, = 25°C 360 mV 
lo = 250 to 750mMA_ ~—siT,, = 25°C 180 mV 


a 

isa Oe 
se 
ind 
om 
a 
=a 


Symbol 


mvV/°C 


as ee 
nee ee 
|| ma | 
be oe 
sted 


ple 


Quiescent Current Change | V, =21 to 33V a 
Output Noise Voltage B = 10Hz to 100KHz_ T, = 25°C fy a 


(Se 

[| Quiescent Current Change | lo =5to1000mA | 
fe aed 
aa 
| 53 


yp. 

18 

18 

| 

10 
= 
Dropout Voliage ftw tA SSC waseo fC 
[Output Resistance |e tkez SSS 
[Short Greuit Peak Curent [1,225 SS*dYSSC*idC 


ELECTRICAL CHARACTERISTICS FOR L7820C (refer to the test circuits, T, = 0 to 125°C 
V, = 28V, |, = 500mA, OC; = 0.33uF, C, = 0.1u.F unless otherwise specified) 


T 
Vo 
Vo 
AV," 
AV ,* 
Cn 1 
SVR 
Va 
Q 
ic: 2 


Iscp 


Test Conditions | Min. | Typ. | 
Output Voltage T, = 25°C | 19.2 | 20 | 208 


[Output Voltage , | 
Output Voltage lob =5mA to 1A Po < 15W 19 21 V 
V, = 23 to 35V 
Line Regulation V, = 22.5 to 35V T, = 25°C 400 mV 
V, = 26 to 32V T,; = 25°C 200 mV 
i mV 
mV 


Symbol 


A 


Vo 
Vo 

Vo" 
AV," 


Load Regulation lp = 5 to 1500mA T, = 25°C 400 
lp = 250 to 750mA_ ~—iT, = 25°C 


‘aumcon Guren [irae 
= 
— 

— 


Quiescent Current Change = 5 to 1000mA 
| Ala | Quiescent Current Change = 23 to 35V 


A Output Voltage Drift 
AT 


] 

lo 

t 
Vo 
en | Output Noise Votage | B= Tore 10 TooKHe T= 250 | 
[ve [Dropout vonage fle=tA Snes] 
[Re | Output Resistance _[teikue SSS 
ieee | Short Greut Peak Curent [Ty-a5SSCS~iSCi‘“‘is SR 


* Load and line regulation are specified at constant junction temperature Changes in Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 


lp =5mA 


yp. 

20 

20 
es 
al 

a 

26 [| 
ea 


Pas | 
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L7800 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7824C (refer to the test circuits, T, = 0 to 125°C 
V, = 38V, |, = 500mA, C, = 0.33uF, C, = 0.1F unless otherwise specified) 


Cr a a i 


7 Output Voltage o = 5mA to 1A P, < 15W = 8 =a 2 
V, = 27 to 38V 
AV,* | Line Regulation V, = 27 to 38V T, = 25°C 480 mV 
V, =30 to 36V T, = 25°C 240 mV 
AV," Load Regulation lb = 5 to 1500mMA T, = 25°C 480 mV 
= = 250 to 750mA ~~ —*T, = 25°C 240 mV 
| ls ___| Quiescent Current [Taree 


ieee ane ae = [Pos Toa 
pie eteseent Crt Grange Wee 98 | sf ma 


Tae [ona ressnen ig 
ieee | Short Greuit Peak Curent [Tye2s0SSSCSC*dSO et | 


* Load and line regulation are specified at constant junction temperature. Changes in V> due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 
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L7800 SERIES 


Figure 4 : Dropout Voltage vs. Junction Tempera- Figure 5 : Peak Output Current vs. Input/output 
ture. Differential Voltage. 


75 -50 -25 0 25 50 75 100 125 T (°C) 0 5 10 15 20 25 Vi-Vo(V) 
Figure 6 : Supply Voltage Rejection vs. Frequen- Figure 7 : Output Voltage vs. Junction Tempera- 
cy. ture. 
967 
SVR Ve 
= To \ 
TT PLT TTT fees Uh wv 
~ TTT Se TT Skee eee Ee 
mall TT Bi. 1 124 
co TIE UTI UIT TP 


veges Ve Ie sie Clog 
" CCCP REC 


“75-50 25 O 2 S50 75 WO 125 17 (C) 


f (Hz) 
Figure 8 : Output Impedance vs. Frequency. Figure 9 : Quiescent Current vs. Junction Tempe- 
rature. 

Zo SS See lq 

oe Lee Eo 

o Cull on 
Sei tet ~A 
mul 


SS EOE EE —E eee iH —— tt tit 
on C000) EE Cun O&O 8 oe eres am Shi Smee SES 4st eee ott 
0000 0 ae Oe OO 6 0s ce ED OR OOO i eee! secelam emer aes 


So , COAL 
ttt EAR eee 


Biz 
—+J OE | 
A te 3.8 
ee ee nee: mal ttt tt tt Ht wpamaneses 
ae Hans ag G9 O°’, Cs a OS | eS H L7805 
oot? Sti ttn tt 
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Figure 10 : Load Transient Response. Figure 11 : Line Transient Response. 

G-29721 

vi 

a 
ae Cee eee 
RR Geese ee raee 
Poles net epc dl 
wee ae 


0 10 20 30 40 50 t (us) 0 2 4 6 8 10 ¢t (us) 


Figure 12 : Quiescent Current vs. Input Voltage. 


Figure 14 : Current Regulator. 


$-2714/1 


$-271211 


Notes: 1. To specify an output voltage, substitute voltage va- 
lue for "XX". 
2. Although no output capacitor is needed for stabill- 
ty, it does improve transient response. 
3. Required if regulator is located an appreciable dis- 
tance from power supply filter. 
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Figure 15 : Circuit for Increasing Output Voltage. Figure 16 : Adjustable Output Regulator 
(7 to 30V). 


$-2713 /1 


S-2715/1 


Figure 17 : 0.5 to 10V Regulator. Figure 18 : High Current Voltage Regulator. 


$-2716/2 
-1V<-V,<-17V 
- © 


VBEQ} 
Ri 


lo = IREG + Q, [IREa —- 
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L7800 SERIES 


Figure 19 : High Output Current with Short Circuit Figure 20 : Tracking Voltage Regulator. 
Protection. 


COMMON 


Q1 =80534 
Q2 = 2N6124 


VBEQ 
Rsc = z 
Isc 


2N6124 S-2718/2 


Figure 21 : Split Power Supply (+ 15V — 1A). 


$-5037/1 


* Against potential latch-up problems. 


Figure 23 : Switching Regulator. Figure 24 : High Input Voltage Circuit. 


Ig 
c 5-269412 


$-2692/2 


Vin = Vi-— (Vz + VBE) 


TI -THOMSO 
>| | neh acronis 
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L7800 SERIES 


Figure 25 : High Input Voltage Circuit. Figure 26 : High Output Voltage Regulator. 


S 3882/1 


Figure 27 : High Input and Output Voltage. Figure 28 : Reducing Power Dissipation with 
Dropping Resistor. 


$-3885 


_ Vimin) — Vxx — VpROP(max) 


lo(max) + la(max) 


Vo = Vxx + Vz1 


Figure 29 : Remote Shutdown. 


S- 3686/1 
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Figure 30 : Power AM Modulator (unity voltage 
gain, lo < 1A). 


Modulation 
Signal 


& 
$-3868/1 


Note : The circuit performs well up to 100KHz. 


Figure 32 : Light Controllers (Vo min = Vxx + VBE). 


S$-3890/1 


Vo falls when the light goes up 


Figure 33 : Protection against Input Short-circuit 
with High Capacitance Loads. 


L7800 SERIES 


Figure 31 : Adjustable Output Voltage with Tem- 
perature Compensation. 


L78SXX 


S- 4117/1 


R 
Vo = Vxx (1 ar ) + VBE 


Note : Q2 Is connected as a diode in order to compensate the 
variation of the Q; Vee with the temperature. C allows a slow 
rise-time of the Vo 


$-3891/1 


Vo rises when the light goes up 


Applications with high capacitance loads and an output voltage 
greater than 6 volts need an external diode (see fig 33) to pro- 
tect the device against input short circuit. In this case the input 
voltage falls rapidly while the output voltage decreases showly. 
The capacitance discharges by means of the Base-Emitter junc- 
tion of the series pass transistor in the regulator. If the energy Is 
sufficiently high, the tran-sistor may be destroyed. The external 
diode by-passes the current from the IC to ground. 
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PRECISION 1A REGULATORS 


a OUTPUT CURRENT IN EXCESS OF 1A 

a OUTPUT VOLTAGES OF 5; 6; 8; 12; 15; 18; 24V 

s THERMAL OVERLOAD PROTECTION 

a SHORT CIRCUIT PROTECTION 

a OUTPUT TRANSISTOR SOA PROTECTION 

ws 2% OUTPUT VOLTAGE TOLERANCE 

» GUARANTEED IN EXTENDED TEMPERA- 
TURE RANGES 


DESCRIPTION 


The L7800A series of three-terminal positive regu- 
lators is available in TO-220 and TO-3 packages 
and with several fixed output voltages, making it 
useful in a wide range of applications. These regu- 
lators can provide local on-card regulation, elimina- 
ting the distribution problems associated with single 
point regulation. Each type employs internal current 
limiting, thermal shut-down and safe area protec- 
tion, making it essentially indestructible. If adequate 
heat sinking is provided, they can deliver over 1A 
output current. Although designed primarily as fixed 
voltage regulators, these devices can be used with 
external components to obtain adjustable voltages 
and currents. 


BLOCK DIAGRAM 


SERIES 


PASS 
ELEMENT 
CURRENT SOA 
GENERATOR PROTECTION i 
REFERENCE | | ERROR 
VOLTAGE AMPLIFIER 


STARTING 
CIRCUIT 


| THERMAL i 
PROTECTION 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


V; DC Input Voltage (for Vp =5 to 18V) 35 V 
(for Vo = 24V) 40 V 
°C 


a ae Output Current Internally limited 
Peete Power Dissipation Internally limited 


T Operating Junction Temperature for L7800AC 0 to 125 
for L7800AB — 40 to 125 °C 


— 65 to + 150 


Storage Temperature 


THERMAL DATA 


Symbol Parameter 


Rth)-case} Thermal Resistance Junction-case Max 3 4 °C/W 
Rthj-amb | Thermal Resistance Junction-ambient Max 50 35 °C/W 


CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 


fT OUTPUT 
GND | > GROUND 


P_ INPUT 


S- 2568/1 


Ordering Numbers 


Tj; = - 40 to 125°C T; = 0 to 125°C 


L7805ABV 
L7806ABV 
L7808ABV 
L7812ABV 
L7815ABV 
L7818ABV 
L7824ABV 


TYPICAL APPLICATION 


L7805ACV 
L7806ACV 
L7808ACV 
L7812ACV 
L7815ACV 
L7818ACV 
L7824ACV 


kyy 


L7805ACT 
L7806ACT 
L7808ACT 
L7812ACT 
L7815ACT 
L7818ACT 
L7824ACT 
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SCHEMATIC DIAGRAM 


TEST CIRCUITS 
Figure 1 : DC Parameters. Figure 2 : Load Regulation. 


2N6121 
OR EQ. 
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L7800AB/AC SERIES 


ELECTRICAL CHARACTERISTICS L7805A (Vj = 10V, I, = 1A, T; = 0 to 125°C (L7805AC), 
T, = — 40 to 125°C (L7805AB) unless otherwise cele 


rameter [teat Ganations fins [7 


Output Voltage . = 5mA to 1A, Pp < 15W 4.8 5 5.2 V 
V, = 7.5 to 20V 

V, = 7.5 to 25V, Ip = 500mA ra 50 mV 

V, =8 to 12V 10 50 mV 


V, =7.3 to 20V, T, = 25°C 
= 5mA to 1A 


: = 5mA to 1.5A, T, = 25°C 
lo = 250 to 750mA 


V, =8 to 25V, |, = 500mA 
= 5mA to 1A 


| 

2 lel AE al al 
lp = 500mMA 

[ve [Bropeutvatage ——SSC~i nw tA TwwOCSC~‘“sSC“‘“(WT 

Te | Output Noise Votage [f= 10H to 100KHz, 1, =25% || 10 | ‘(ane | 

[Aa | cup Ressance towne a 

Se 


"Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account sepa- 
rately. Pulse testing with low duty cycle is used. 


Quiescent Current Change 
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L7800AB/AC SERIES 


ELECTRICAL CHARACTERISTICS L7806A (V, = 11V, Ip = 1A, T, = 0 to 125°C (L7806AC), 
T, = — 40 to 125°C (L7806AB) ; unless otherwise side 


Output Voltage : = 5mA to 1A, Po < 15W 5.76 6.24 V 

V, = 8.6 to 21V 
Line Regulation V, = 8.6 to 25V, 1p = 500mA 60 mV 
V,=9 to 13V A 60 mV 
V; = 9 to 13V, T, = 25°C 30 mV 
60 mV 


V; = 8.3 to 21V, T, _ 25°C 


Load Regulation lo = 5mA to 1A 100 mV 
lp = 5mA to 1.5A, T, = 25°C . 100 mV 
lp = 250 to 750mA 16 50 mV 


V, =9 to 25V, |, = 500mA 
V, = 8.6 to 21V, T, = 25°C 
lo = 5mA to 1A 


Supply Voltage Rejection V, =9 to 19V, f = 120Hz 65 
lob = 500mA 


Seer te a 
[en | Output Noise votage | T= 25°, f= 10H to tooKre | | 10 | Saws | 
[Re | Output Resistance —iditatKe Sd 
Tiree | Shor Cireuit Peak Coren’ [Teac —SSSSC*dSSCi ne | 


AT 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account sepa- 
rately. Pulse testing with low duty cycle ts used. 


Quiescent Current Change 


5/11 
kyy SGS-THOMSON — 
7 wcrostecrnomes 

299 


L7800AB/AC SERIES 


ELECTRICAL CHARACTERISTICS L7808A (Vj = 14V, I, = 1A, Tj = 0 to 125°C (L7808AC), 
T; = — 40 to 125°C (L7808AB), unless otherwise specified) 


[e] 


V Output Voltage lb = 5mA to 1A, Po < 15W 7.7 8.3 V 
Vi = 10.6 to 23V 

12 80 mV 

15 80 mV 


AV ,* Line Regulation V, = 10.6 to 25V, |, = 500mA 
V,=11 to 17V 
V; = 11 to 17V, T, = 25°C 5 40 mV 
V, = 10.4 to 23V, T; = 25°C 12 80 mV 
AV 9” Load Regulation lp = 5mA to 1A 45 100 mV 
lo = 5MA to 1.5A, T, = 25°C 45 100 mV 
lp = 250 to 750mA 16 50 mV 


Leslee Wk Pets ta 
mA 


Quiescent Current Change V, =11 to 25V, 1, =500mA 0.8 mA 
V, = 10.6 to 23V, T, = 25°C 0.8 mA 
lb = 5mA to 1A 0.5 mA 


S Supply Voltage Rejection V, = 11.5 to 21.5V, f = 120Hz 
lp = 500mA 


od 

[va | Dropout vonage Sid nw ta Twos CSC~C~‘~dtSC“C*‘“‘r‘S 
[en | Output Noise Votage | T, = 25°, f= 10H to 100Kr | | 10 
TR, | Output Resistance i tae Sd 
Tee | Shor Circuit Curent | Tame = 26° Vicev | +02 
ieee | Short Circuit Peak Conent’ [T2590 =SSSC*idSSCidt i 


AVo Output Voltage Drift 
AT 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account sepa- 
rately. Pulse testing with low duty cycle is used. 
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ELECTRICAL CHARACTERISTICS L7812A (V; = 19V, I, = 1A, T; = 0 to 125°C (L7812AC), 
T; = — 40 to 125°C (L7812AB), unless otherwise sian 


samen ameter <4, Best Genivens ___ Win Typ _Wex__vnit 


Output Voltage = 5mA to 1A, Po < 15W 15 12 12.5 V 
: = 14.8 to 27V 

V, = 14.8 to 30V, |p = 500mA 13 120 mV 

V, = 16 to 22V 16 120 mV 

V, = 16 to 22V, Tj = 25°C 6 60 mV 

V, = 14.5 to 27V, T, = 25°C 13 120 mV 


lp = 5mA to 1A 46 100 mV 
lo = 5mA to 1.5A, T,; = 25°C 46 100 mV 
lp = 250 to 750mA 17 50 


V, = 15 to 30V, |p = 500mA 
V, = 14.8 to 27V, T, = 25°C 
=5mA to 1A 


0 . 
SVR Supply Voltage Rejection V, = 15 to 25V, f = 120Hz 
lp = 500mA 


[ve | Bropout Votage Sid ete SCSCSCSCd 
Ten | Output Noise Votage | T, = 28°, 1 = toe Toe | | 10 | Pawn | 
(8. [up Ressanee Preven ef 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account sepa- 
rately. Pulse testing with low duty cycle is used. 
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ELECTRICAL CHARACTERISTICS L7815A (V, = 238V, |, = 1A, T, = 0 to 125°C (L7815AC), 
T, = — 40 to 125°C (L7815AB), unless otherwise specified) 


Test Conditions | Min. | 
Suiput Volage 7, =25°C 


Vo Output Voltage lp = 5mA to 1A, Po < 15W 14.4 15 

V, = 17.9 to 30V 
V, =17.9 to 30V, |, = 500mA 13 150 mV 
V, = 20 to 26V 16 150 mV 
6 qa mV 
13 150 mV 


V, = 20 to 26V, T, = 25°C 
V, = 17.5 to 30V, T, = 25°C 


lb =5mA to 1A 52 100 mV 
lo = 5MA to 1.5A, T,; = 25°C 52 100 mvV 
lp = 250 to 750mMA 20 50 mV 
4.4 mA 

mA 

V, = 17.5 to 30V, |, = 500mA 0.8 mA 
V, = 17.5 to 30V, T, = 25°C 0.8 mA 
lo = 5mA to 1A 0.5 mA 

oak 


) 


Short Circuit Current Tamb =25°C + V, =35V 


Short Circuit Peak Current T, = 25°C 


AVo Output Voltage Drift 
AT 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account sepa- 
rately. Pulse testing with low duty cycle is used. 


lo = 500mA 
| Va | Dropout Voltage | to = 1A T, = 25°C Ee eeaed 
cea a 
Le ame 
| tse | tee 
Me eee 
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ELECTRICAL CHARACTERISTICS L7818A (V, = 27V, |, = 1A, T, = 0 to 125°C (L7818AC), 
T; = — 40 to 125°C (L7818AB), unless otherwise specified) 


[Symbol| Parameter |__——Test Conditions |_Min. | Typ. | Max. | Unit 
| Ye | Ouput vohage _} Tn25°@ ____, tet |_1e_{ 1988 |v 


Output Voltage o = 5MA to 1A, Po s 15W ir | 18 18.7 V 
V, = 21 to 33V 
oO” Line Regulation V, =21 to 33V, Ip = 500mA 25 180 mV 
V, = 24 to 30V 28 180 mV 
V, = 24 to 30V, T, = 25°C 10 90 mV 
25 180 mV 


V, = 20.6 to 33V, T, = 25°C 
55 100 | mv 


: = 5mA to 1.5A, T, = 25°C ae pe iy 
lb = 250 to 750mA 


AV .* Load Regulation 


ee ne 


Quiescent Current Change = 21 to 33V, |, = 500mA 


: = 21 to 33V, T, = 25°C a aA 
lo = 5mA to 1A 0.5 mA 


SVR Supply Voltage Rejection V, = 22 to 32V, f = 120Hz 57 
lp = 500mA 


[va _[Bropoutvatage «di nw tT, e2s0SOSC*dESC(‘i(? | 
Ten | Output Noise Votag | T, = 25°, f= tore to toonte || 10 | awna 
[Re | output Resistance «ditt SSCdSSC*d tg | 
eC as ae ae es Ba 


* Load and line regulation are specified at constant junction temperature. Changes in V. due to heating effects must be taken into account sepa- 
rately. Pulse testing with low duty cycle is used. 
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ELECTRICAL CHARACTERISTICS L7824A (V, = 33V, I, = 1A, Tj = 0 to 125°C (L7824AC), 
T, = — 40 to 125°C (L7824AB), unless otherwise specified) 


[Parameter | Test Gonaitions | Min. | Typ. | Max. | unit | 


Output Voltage Ip = 5mA to 1A, Po < 15W 23 24 25 V 
V, = 27.3 to 38V 
V, = 27 to 38V, Ip = 500mA 31 240 mV 
V, = 30 to 36V 35 240 mV 
V, = 30 to 36V, T, = 25°C 14 120 mV 
V, = 26.7 to 38V, T, = 25°C 31 240 mV 
60 100 mV 
60 100 
25 50 


lo = 5mA to 1A 
lp = 5mA to 1.5A, T,; = 25°C 
lp = 250 to 750mA 


V, = 27.3 to 38V, lo = 500mA 


V, = 28 to 38V, f = 120Hz 
lp = 500mA 


[ae [ Short Grit Curent | Tanp = 25°C Vinaev | 
ieee | Short Circuit Peak Current [1,=25:0 


A 


Load and line regulation are specifted at constant junction temperature. Changes in Vo due to heating effects must be taken into account sepa- 
rately. Pulse testing with low duty cycle is used. 
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APPLICATIONS INFORMATION 


DESIGN CONSIDERATIONS 


The L7800A Series of fixed voltage regulators are 
designed with Thermal Overload Protection that 
shuts down the circuit when subjected to an exces- 
sive power overload condition, Internal Short-circuit 
Protection that limits the maximum current the cir- 
cuit will pass, and Output Transistor Safe-Area 
Compensation that reduces the output short-circuit 
current as the voltage across the pass transistor is 
increased. 


In many low current applications, compensation ca- 
pacitors are not required. However, it is recommen- 
ded that the regulator input be bypassed with a 


Figure 4 : Current Regulator. 
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L7800AB/AC SERIES 


capacitor if the regulator is connected to the power 
supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capaci- 
tor should be selected to provide good high-frequen- 
cy characteristics to insure stable operation under 
all load conditions. A0.33uF or larger tantalum, my- 
lar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass 
capacitor should be mounted with the shortest pos- 
sible leads directly across the regulators input ter- 
minals. Normally good construction techniques 
should be used to minimize ground loops and lead 
resistance drops since the regulator has no exter- 
nal sense lead. 


Figure 5 : Adjustable Output Regulator. 


Vo, 7.0V to 20V 
Vi- Vo 2 2.0V 


The addition of an operational amplifier allows ad- 
justment to higher or intermediate values while re- 
taining regulation characteristics. The minimum 
voltage obtainable with this arrangement is 2.0V 
greater than the regulator voltage. 


Figure 7 : Short-circuit Protection. 


Q1 =D534 
Q2= /N6I24 


The circuit of figure 6 can be modified to provide 
supply protection against short circuit by adding a 
short-circuit sense resistor, Rsc, and an additional 
PNP transistor. The current sensing PNP must be 
able to handle the short-circuit current of the three- 
terminal regulator. Therefore, a four-ampere plastic 
power transistor is specified. 
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POSITIVE VOLTAGE REGULATORS 


» OUTPUT CURRENT TO 0.5A 

a» OUTPUT VOLTAGES OF 5;6;8;12;15;18; 
20 ; 24V 

a THERMAL OVERLOAD PROTECTION 

a SHORT CIRCUIT PROTECTION 

a OUTPUT TRANSISTOR SOA PROTECTION 


DESCRIPTION 


The L78MOO0 series of three-terminal positive regu- 
lators is available in TO-220 and SOT-82 packages 
and with several fixed output voltages, making it 
useful in a wide range of applications. These regu- 
lators can provide local on-card regulation, eliminat- 
ing the distribution problems associated with single 
point regulation. Each type employs internal current 
limiting, thermal shut-down and safe area protec- 
tion, making it essentially indestructible. If adequate 
heat sinking is provided, they can deliver over 0.5A 
output current. Although designed primarily as fixed 
voltage regulators, these devices can be used with 
external components to obtain adjustable voltages 
and currents. 


BLOCK DIAGRAM 


CURRENT SOA 
GENERATOR PROTECTION 


STARTING REFERENCE ERROR ieee 
CIRCUIT VOLTAGE AMPLIFIER 


THERMAL 
PROTECTION 
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ABSOLUTE MAXIMUM RATINGS 


35 
40 


| Unit _| 

DC Input Voltage (for Vo =5 to 18V) et aes 
(for Vo =20, 24V) 

| Pror_| Power Dissipation Internally limited || 

Storage Temperature |) = 85to+150 | 

[orto 


THERMAL DATA 


Operating Junction Temperature 


SOT-82 
Parameter SOT-194 TO-220 
Rthj-case| Thermal Resistance Junction-case Max 8 3 
Rth j-amb | Thermal Resistance Junction-ambient Max 100 50 


CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 


2, ~ OUTPUT 
3{ > GROUND 


hee INPUT 


S- 2568/1 


TO-220 SOT82/194 


Order Codes 5 vat 
TO-220 SOT-82 SOT-194 mR ee 


L78MO5CV 
L78MO6CV 
L78MO8CV 
L78M12CV 
L78M15CV 
L78M18CV 
L78M20CV 
L78M24CV 


L78MO05CX 
L78MO06CX 
L78M08CX 
L78M12CX 
L78M15CX 
L78M18CX 
L78M20CX 
L78M240X 


L78M05CS 
L78M06CS 
L78M08CS 
L78M1i2CS 
L78M15CS 
L78M18CS 
L78M20CS 
L78M24CS 


APPLICATION CIRCUIT 


L78MXX 
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SCHEMATIC DIAGRAM 


TEST CIRCUITS 


Figure 1 : DC Parameters. Figure 2 : Load Regulation. 


L78MXX 
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Figure 3 : Ripple Rejection. 


L78MXX 


ELECTRICAL CHARACTERISTICS L78MOOC (Refer to the test circuits, T; = 25°C, |, = 350mMA 
unless otherwise specified, C; = 0.33uF, C, = 0.1pF) 


Output Voltage Re ene de pe ee ed 


Input Voltage 10 
(Unless otherwise specified) 
Test Conditions | Min. ae Max. | Min. omar Max. | Min. te Max.| Min. Typ. Max. 


Voltage 11, =5 to 350mA_ ‘| 4.75 5.25 78S 888 6.317.6 8.4 He 12.6 
aed 20V) ede 21v) | (V, = ioe 23V) oe 27V) 

AV, | Line lp = 200mA 100 100 100 100] mv 
Regulation (V, = 7 to 25V) (V, = 8 to 25V) = 10.5 to 25V) | (V, = 14.5 to 30V) 
50 50 
(V, = 8 to 25V) (V, = 9 to a (V, = 11 to ead (V, = 16 to ee 


ace teo| 240 


Regulation! j= smAto2z00mal 50] | 8 
Quiescent 

Current 

Quiescent | lp = 5mA to 350mA Somer’ meer eee ane mA 


0.5 
Pika lo = 200mA 0.8 
hange (V, = 8 to oan. (V, = 9 to bar (V, = 105 to 25V) | (V, = 14.5 to a 
Output lb = 5mMA 
T, = 0 to 125°C - 1.0 mvV/°C 


Voltage 
B = 10Hz to 100KHz 


ea 
< 
° 


& 
<= 
° 


Drift 


Output 
Noise 
Voltage 


ie) 
Pe ‘ 


f = 120Hz 
Ip = 300mA 


D 

wn 

c 
ue] 
— 
< 


Voltage 
Rejection 


Vg | Dropout 
Voltage 
Short = 35V 
Circuit 
Current 
Pat ane 


Peak 
Current 
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ELECTRICAL CHARACTERISTICS L78MO00C (continued) 


Input Voltage 
(Unless otherwise specified) 
Test Conditions |Min. Typ. Max.| Min. Typ. Max.| Min. Typ. Max.| Min. Typ. Max. 


Voltage )1,=5t0350mA |1425 15 15.75117.1 18 189/19 20 21/228 24 25.2 
(V, = 17.5 to 30V) | (V, = 20.5 to 33V) | (V, = 23 to 35V) | (V, = 27 to 38V) 


Line lp = 200mA 100 100 100 100 
Regulation = 17.5 to 30V) | (V, = 21 to 33V) | (V, = 23 to 35V) | (V, = 27 to 38V) 


50 50 
(V, = eT to 30V) (V, = 24 = al 33V) eT = 24 to sey ee = 28 to iy 


ae I> = 5mMA to 0 5A a 


Pi 
Current 
mA 


Alg | Quiescent | lop = 5mA to 350mA} i S| 


lo = 200mMA 0 8 0 8 OE 
(V, = 175 to 30V) | (V, = 21 to 33V) (V, = 23 to 35V) (V, = 27 to ae 


170 iV 


Current 
Change 


Output 
Voltage 
Drift 


Output 
Noise 
Voltage 


SVR | Supply 
Voltage 
Rejection 


Circuit 
Current 


Short Circ 
Peak 
Current 


Tamb = 0 to 125°C 


B = 10Hz to 100KHz 


54 
(V, = 185 to 28 5V) 


53 
(V, = 22 to 32V) 


53 
(V, = 24 to 34V) 


50 
(V, = 28 to 38V) 


lo = 300mA 
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Figure 4 : Dropout Voltage vs. Junction Tempera- 
ture. 


05 


ot eed 


“75 -50 -25 0 25 50 75 100 125 Tj (°C) 


Figure 6 : Peak Output Current vs. Input-Output 
Differential Voltage. 


aise eee 
| py oo 


0 5 10 20 Vj-Vo(V) 


Figure 8 : Supply Voltage Rejection vs. Frequen- 
cy. 
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TN 
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Figure 5 : Dropout Characteristics. 
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Figure 7 : Output Voltage vs. Junction Tempera- 
ture. 


FSS 
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75 -80 -25 0 25 50 75 100 125 Ty (°C) 


11.92 


11.84 


Figure 9 : Quiescent Current vs. Junction Tempe- 
rature. 


VouT=5V 


See 
Laisa es See 
EVetn Sees 
ARR 
Eee alee alcatel) 
pee NE cathe d 
Seed oer Wee dd 
Sees ee 


4.3 


4.1 


4 9 o 0 £ (Hz) -75 -50 -25 0 25 50 75 100 125 T,(*C) 
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Figure 10 : Load Transient pesponees. 


lee pe 
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AZ eR aeae 
= bt 
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Figure 12 : Quiescent Current vs. Input Voltage. 


pel i a 
beer 
a a a ee 
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Figure 14 : Constant Current Regulator. 
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Figure 11 : Line Transient Response. 


xe a ee 
[ae take i 
GG 
EEE 
Baan eae es 

Bi 


Hog oe eet 


Notes: 1. To specify an output voltage, substitute voltage va- 
lue for "XX". 
2. Although no output capacitor is needed for stabili- 
ty, it does improve transient response. 
3. Required if regulator ts located an appreciable dis- 
tance from power supply filter. 


Figure 15 : Circuit for Increasing Output Voltage. 


inv e-5 ij 
R 
Vo =Vxx (1 + ) + Ig Re 
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Figure 16 : Adjustable Output Regulator Figure 17 : 0.5 to 10V Regulator. 
(7 to 30V). 


Figure 19 : High Output Current with Short Circuit 
Protection. 


# L78MXX : 


S-4960/ 


Q1 =BD534 
Q2 = 2N6124 


V 
R; = BEQ{ 


IREQ — 


VBEQ} 


lo= Inec + Q, [IREa - 
Ri 


Figure 20 : Tracking Voltage Regulator. 


L78MXX a 3 
ta | ja7Ka 


COMMON COMMON 


- 


 & 


2N6124 


Vin = Vz - VBE 
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Figure 22 : Reducing Power Dissipation with Figure 23 : Power AM Modulator (unity voltage 
Dropping Resistor. gain, lo < 0.5). 


L78MXX 


Modulation 
Signal 


Vimin) - Vxx - VpROP(max) 
lo(max) 2 ld(max) 


Note : The circuit performs well up to 100KHz 


Figure 24 : Adjustable Output Voltage with Tem- 
perature Compensation. 


L78MXX 


Note :Q2 is connected as a diode in order to compensate 
the variation of the Q: Vee with the temperature. C 
allows a slow rise-time of the Vo 


Re 
Vo = Vxx (1 +B ) + VBE 
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PRECISION 500mA REGULATORS 


» OUTPUT CURRENT UP TO 0.5A 

x OUTPUT VOLTAGES OF 5;6;8;12;15;18; 
20 ; 24V 

» THERMAL OVERLOAD PROTECTION 

a SHORT CIRCUIT PROTECTION 

x OUTPUT TRANSISTORS SOA PROTECTION 

ma + 2% OUTPUT VOLTAGE TOLERANCE 

» GUARANTEED IN EXTENDED TEMPERA- 
TURE RANGES 


DESCRIPTION 


The L78MOOAB series of three-therminal positive 
regulators is available in TO-220 package and with 
several fixed output voltages, making it useful in a 
wide range of applications. These regulators can 
provide local on-card regulation eliminating the dis- 
tribution problems associated with single point re- 
gulation. Each type employs internal current limiting, 
thermal shut-down and safe area protection, making 
it essentially indestructible. If adequate heat sinking 
is provided, they can deliver over 0.5A output cur- 
rent. Although designed primarily as fixed voltage 
regulators, these devices can be used with external 
components to obtain adjustable voltages and cur- 
rents. 


BLOCK DIAGRAM 


CURRENT 
GENERATOR 


STARTING REFERENCE 
CIRCUIT VOLTAGE 
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ABSOLUTE MAXIMUM RATINGS 


T 


V, DC Input Voltage (for V. =5 to 18V) 35 
(for Vo = 20, 24V) 40 


“ani 

az 
V 

ona caren —raeaty ies —[ 

— ied [ 

a 


Power Dissipation Internally limited 
Storage Temperature — 65 to + 150 
- 40 to 125 


stg 


THERMAL DATA 
Rthj-case] Thermal Resistance Junction-case 
Rth j-amb | Thermal Resistance Junction-ambient 


CONNECTION DIAGRAM AND ORDER CODES (top view) 


Operating Junction Temperature 


2{_ > OUTPUT 
3|. =) GROUND 
1{. = INPUT 


S- 2568/1 


L78MO5ABV 
L78MO6ABV 
L78MO8ABV 
L78M12ABV 
L78M15ABV 
L78M18ABV 
L78M20ABV 
L78M24ABV 


APPLICATION CIRCUIT 
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SCHEMATIC DIAGRAM 


TEST CIRCUITS 


Figure 1 : DC Parameters. Figure 2 : Load Regulation. 
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Figure 3 : Ripple Rejection. 


Eau 


ELECTRICAL CHARACTERISTICS L78MOOAB (Refer to the test circuits, T, = — 40 to 125°C, 
|, = 350mA unless otherwise specified, C, = 0.33uF, C, = 0.1pF) 


~ 
(unless otherwise specified) 

Vo |Outpt [T,-25¢ [4955.1 ]5.88 6 612/784 8 8.16] 11.75 12 12.25] V 
o 5 5.2 6 6 


4.9 12 
Voltage lo = 5 to 350mA 48 5.75 mca yg 8 8.31115 12 12.5 
(V, = 7 to 20V) (V,=8to 21V) | (V, = 10.5 to 23V) | (V, = 14.5 to 27V) 


AVo lp = 200mA 100 100 100 100] mV 
Regulation | T, = 25°C (V, = 7 to 25V) (V, = 8 to 25V) (V, = 10.5 to 25V) | (V, = 14.5 to 30V) 
30 30 30 30 
(V, = 8 to 25V) (V, = 9 to 25V) (V, = 11 to 25V) (V, = 16 to 30V) 


AV o lo = SMA to 0.5A 


Regulation | T, = 25°C 
lo = 5mA to 200mA 


Quiescent | T, = 25°C 
Current 


50 
Quiescent | Io = 5mA to 350mA 0.5 
08 8 


Current =| 1, = 200mA 0. 08 0.8 
Change (V, = 8 to 25V) (V, = 9 to 25V) | (V, = 10.5 to 25V) | (V, = 14.5 to 30V) 
AVo | Output o = OMA - 0.5 - 05 — 0.5 - 1.0 mV/°C 
AT | Voltage 
Drift 
en | Output B = 10Hz to 100KHz 40 45 52 75 uV 
Noise T, = 25°C 
Voltage 
SVR | Supply f = 120Hz 62 59 55 
Voltage lp = 300mA (V, = 8 to 18V) (V, = 9 to 19V) 
Rejection | T, = 25°C 
Va | Dropout T, = 25°C 2 2 2 2 V 
Voltage 
Isc 300 270 250 


Circuit 
Current 


Short Circ.| T, = 25°C 


Current 
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ELECTRICAL CHARACTERISTICS L78MOOAB (continued) 


Output Voltage ae ae ae Oe 


Input Voltage 
(unless otherwise specified) 
Test Conditions | Min. Typ. Max.| Min. Typ. Max.| Min. te Max. | Min. we Max. 
Output | = 25°C 14.7 15 15.3117.64 18 18.36| 19.6 20.4 | 23.5 =i 


Voltage |) = 5t0350mA 114.4 15 15.6/17.3 18 18.7119.2 20 20.8| 23 25 
(V; = 17.5 to 30V) | (V; = 20.5 to 33V) | (V; = 23 to 35V) | (V, = s to 38V) 


100 100 100 100 
(V; = 17.5 to 30V) | (V; = 21 to 338V) | (Vj = 23 to 35V) | (V, = 27 to 38V) 


V, = 20 to 30V) | (V, = 24 to 33V) | (V, = 24 to 35V) | (V; = 28 to 38V) 


aad 150 180 200 240 
lo = 5mA to 200mMA 
Quiescent mA 
Current 


sa aie ly = 200mA 0.8 a 8 0.8 
Change (V, = 17.5 to 30V) | (V; = 21 to ae (V, = 23 to 35V) | (V; = 27 to 38V) 
Output lo = SMA -1 - 1.1 - 1.1 - 1.2 mvV/°C 
oS Voltage 
Drift 
Output B = 10Hz to 100KHz 
Noise 
Voltage 
SVR | Supply = 
Voltage lp = 300mMA 
Rejection | T, = 25°C 
Dropout | T, = 25°C 
Voltage 
F Short 2 240 240 


Circuit 
a 


Current 


Short Circ. 
Peak 
Current 
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Figure 4 : Dropout Voltage vs. Junction Tempera- Figure 5 : Dropout Characteristics. 
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Figure 6 : Peak Output Current vs. Input-Output 
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Figure 10 : Load Transient Response. 


FO ea 
eee [arenes 
Ga es 
Eos ene ee 
a ee 
eee ae eee 
we ia 
SSG 
Cory 


Io 
(A) 


0 10 20 30 40 


50 t (us) 


Figure 12 : Quiescent Current vs. ale. Voltage. 
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APPLICATIONS INFORMATION 


DESIGN CONSIDERATIONS 


The L78MOOAB Series of fixed voltage regulators 
are designed with Thermal Overload Protection that 
shuts down the circuit when subjected to an exces- 
sive power overload condition, Internal Short-Circuit 
Protection that limits the maximum current the cir- 
cuit will pass, and Output Transistor Safe-Area 
Compensation that reduces the output short-circuit 
as the voltage across the pass transistor is increa- 
sed. 


In many low current applications, compensation ca- 
pacitors are not required. However, it is recommen- 
ded that the regulator input be bypassed with a 


L78MO0AB SERIES 


Figure 11 : Line Transient Response. 


ce : 


20 


0 2 4 6 8 


10 t (us) 


capacitor if the regulator is connected to the power 
supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capaci- 
tor should be selected to provide good high-frequen- 
cy characteristics to insure stable operation under 
all load conditions. A 0.33uF or larger tantalum, my- 
lar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass 
Capacitor should be mounted with the shortest pos- 
sible leads directly across the regulators input ter- 
minals. Normally good construction techniques 
should be used to minimize ground loops and lead 
resistance drops since the regulator has no exter- 
nal sense lead. 
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Figure 13 : Current Regulator. Figure 14 : Adjustable Output Regulator. 


Vo, 7.0V to 20V 
Vi- Vo 2 2.0V 


The addition of an operational amplifier allows ad- 
justment to higher or intermediate values while re- 
taining regulation characteristics. The minimum 
voltage obtainable with this arrangement is 2.0V 
greater than the regulator voltage. 


Figure 15 : Current Boost Regulator. Figure 16 : Short-circuit Protection. 


Q1=40534 
Q2= 2NG124 


VBEQ} 
Ri 


lo = IREG + Q, [IREG — 


The circuit of figure 6 can be modified to provide 
supply protection against short circuits by adding a 
short-circuit sense resistor, Rsc, and an additional 
PNP transistor. The current sensing PNP must be 
able to handle the short-circuit current of the three- 
terminal regulator. Therefore, a four-ampere plastic 
power transistor is specified. 
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2A POSITIVE VOLTAGE REGULATORS 


a OUTPUT CURRENT TO 2A 

a OUTPUT VOLTAGES OF 5;7.5;9;10;12; 
15;18;24V 

a THERMAL OVERLOAD PROTECTION 

a SHORT CIRCUIT PROTECTION 

s OUTPUT TRANSISTOR SOA PROTECTION 


DESCRIPTION 


The L78S00 series of three-terminal positive regu- 
lators is available in TO-220 and TO-3 packages 
and with several fixed output voltages, making it 
useful in a wide range of applications. These regu- 
lators can provide local on-card regulation, elimina- 
ting the distribution problems associated with single 
point regulation. Each type employs internal current 
limiting, thermal shut-down and safe area protec- 
tion, making it essentially indestructible. If adequate 
heat sinking is provided, they can deliver over 2A 
output current. Although designed primarily as fixed 
voltage regulators, these devices can be used with 
external components to obtain adjustable voltages 
and currents. 
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L78S00 SERIES 


ABSOLUTE MAXIMUM RATINGS 


po Parameter Value nit 
V; DC Input Voltage (for Vp =5 to 18V) 35 V 
(for Vo =24V) 40 V 

fe fee ol Output Current Internally limited ae 

| Prot _| Power Dissipation Internally limited es ed 
°C 
°C 


Storage Temperature ~ 65 to + 150 


Top Operating Junction Temperature (for L78S00) — 55 to + 150 
(for L78S00C) 0 to + 150 


THERMAL DATA 

TO-220 
Rthy-case} Thermal Resistance Junction-case Max 4 
Rth j-amb | Thermal Resistance Junction-ambient Max 50 35 


CONNECTION DIAGRAMS AND ORDERING NUMBERS (top views) 


|S > OUTPUT OUTPUT 


[> GROUND 
GND 


;  INPUT INPUT 


S- 256913 


S- 2568/1 


L78S05 
L78S05C 
L78S75 
L78S75C 
L78S09 
L78S09C 
L78S10 
L78S10C 
L78S12 
L78S12C 
L78S15 
L78S15C 
L78S18 
L78S18C 
L78S24 
L78S24C 


L78S05CV 


L78S75CV 


L78SO09CV 
L78S10CV 
L78S12CV 
L78S15CV 
L78S18CV 


L78S24CV 


L78S05T 
L78SO5CT 
L78S75T 
L78S75CT 
L78S09T 
L78SO9CT 
L78S10T 
L78S10CT 
L78S12T 
L78S12CT 
L78S15T 
L78S15CT 
L78S18T 
L78S518CT 
L78S24T 
L78S24CT 


TO-220 Output Voltage 
5V 
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APPLICATION CIRCUIT 


L78SXX 


SCHEMATIC DIAGRAM 
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L78S00 SERIES 


TEST CIRCUITS 
Figure 1 : DC Parameters. Figure 2 : Load Regulation. 


L78SXX 
i 


Figure 3 : Ripple Rejection. 
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L78S00 SERIES 


ELECTRICAL CHARACTERISTICS L78S00 
(Refer to the test circuits, T) = 25°C, |, = 500mA unless otherwise specified) 


Input Voltage 
(unless otherwise specified) 
Test erate Min. tin. Typ. Mak. Max. | Min. | Min. Typ. Max. | Max. | Min. Min Type ax Max. | Min. | Min. Typ. Max. | Max. 
Outpt | [48 5.21715 7.5 7.9|8.65 9.35195 10 ef 


Voltage 4.75 5.25 | 7.4 7.55 7.95 at 9 9.4] 9.4 10 10.6 
een, (V; = 9.5V) Vi = 11V) (V; = 12.5V) 


Line 100 120 130 200 
Regulation (Vi = 7 to 25V) (V; = 9.5 to 25V) (V; = 11 to 25V) | (Vj = 12.5 to 30V) 


100 
(Vi =8to12V) | (Vj = 10.5 to 20V)| (Vj = 11 to 20V) | (V, = 14 to 22V) 


AV, | Load lp = 20mA to 2A 100 120 150] mV 
Regulation 
Quiescent 
Current 


Quiescent Ho = 20mA to 1A | = 20mA to 1A 


Current =| 1, = 20mA 2+ 2 2 

Change (Vi= 7 to 25V) | (V; =9.5 to 25V) | (Vj =11 to sae (V; = 12.5 to i 
Output lp = 5MA 

Voltage Tj; = -— 55 to 150°C 

Drift 

Output 

Noise 

Voltage 


AVo 
AT 
SVR | Supply 
Voltage 
Rejection 
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ELECTRICAL CHARACTERISTICS L78S00 (continued) 


Output Voltage SS ee eee ee 


Input Voltage 
(unless otherwise specified) 


ae Conditions | Min. FreeraTr| Max. | Min. em eee Max.| Min. aa ee eal Max.| Min. ae aerT Max. 


eee 145 1212.5] l14.4 15 15.6 15.6 i714 18 18.9 | 18.9 [23.2428 | V 
11.4 12 12.6/14.25 15 15.75] 17 18 19 | 22.8 25.2 
(V, = 14.5V) (V, = 17.5V) (V, = 20.5V) (V, = er 
Line 240 300 360 480] mV 


Regulation (V, = 14.5 to 30V) | (V, = 17.5 to 30V) | (V, = 20.5 to 30V) | (V, = 27 to 38V) 


( 
120 150 180 240 
= 16 to 22V) | (V, = 20 to 26V) | (V, = 22 to 28V) | (V, = 30 to 36V) 


Quiescent 
Current 
Change 


lo = 20mA 
(V, = 14.5 to Bi (V; = 17.5 to abi (V, = 22 to aa, (V, = 28 to eu; 


i?) 


mv/°? 


Output 
Noise 
Voltage 


Voltage 
Rejection 


a i 
— Nill 


Short 
Circuit 
Current 


Short Circ 
Peak 
Current 


NM 
ao 
oO 
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L78S00 SERIES 


ELECTRICAL CHARACTERISTICS L78S00C 
(Refer to the test circuits, T; = 25°C, |, = 500mA unless otherwise specified) 


Input Voltage 
(unless otherwise specified) 


a Min. reer Max. | Min. eT ge Max. | Min. mea ee Max. | Min. eee ee Max. 


Vo | Output 48 5 5.2 7.15 7.5 7.9) 7.9 [8.65 9 9.35 | 9.35 19.5 19.5 10 10.5] V 
Voltage pA 5.251 7.1 7.5 7.95|8.6 9.4 ee 10 10.6 
(V, = aor (V; = 9.5V) (V, = ar = 12.5V) 
Line 100 120 130 2001 mV 
Regulation (V; = 7 to ae. (V; = 9.5 to st = 11 to 25V) = 12.5 to 30V) 


100 
(Vj = 8 to ae (V; = 10.5 to sai (V, = 11 to sau (V; = 14 to 22V) 


Load = 20mA to 1.5A 100 140 170 240 

Regulation | lp = 2A 

Quiescent 

Current 

Quiescent fig = 20MA to 1A = 20mA to 1A 

ee lp = 20mA ; 24 0 

Change (Vi = 7 to Bee (V; = 9.5 to Buy (V; = 11 to ar = 12.5 to 30V) 

Output 

Noise 

Voltage 

Voltage 

Short Circ. 
Peak 
Current 


AV | Output lp = SMA 
AT | Voltage Tamb = 0 to 70°C 
Drift 
SVR | Supply 
Voltage 
Rejection 
V, | Operating 
Input 
Output f = 1KHz 16 17 17 mQ 
Resistance 
t 
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ELECTRICAL aes L78S00C a 


Output | Output Voltage si 


Input Voltage 
(unless otherwise specified) 
es Conditions | Min. ate Max. | Min. at Max. | Min. aa ea Max. | Min. ae eee Max. 


Output Tw, as 12.5 | 14.4 15.6 | 17.1 de 180 }23. 24 2B 


Voltage 114 12.61 14.25 15.75 | 17 18 19]228 24 25.2 
ees (V, = eer (V, = 20 5V) (V, = 27V) 


Line 240 300 360 480} mV 
Regulation (V, = 14.5 to 30V) = 17.5 to 30V) | (V, = 20.5 to 30V) | (V, = 27 to 38V) 


120 150 180 240 
= 16 to 22V) (V, = 20 to 26V) (V, = 22 to 28V) (V, = 30 to 36V) 
Regulation | lp = 2A 
Quiescent 
Current 


Quiescent | |p = H1p = 20mA to 1A | to 1A 


Current 
lp = 20mA : : ; 
Change (V, = 14.5 to 30V) | (V, = 17.5 to 30V) | (V, = 20.5 to 30V) | (V, = 27 to 38V) 


Output 
Voltage Tamb = 0 to 70°C 


Output 


Voltage 
Rejection 


Operating 
Input 
Voltage 


Circuit 
Current 


Short Circ. 
Peak 
Current 
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Figure 4 : Dropout Voltage vs. Junction Tempera- 
ture. 
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Figure 5 : Peak Output Current vs. Input/Output 


Differential Voltage. 
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rature. 
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Figure 10 : Load Transient Response. Figure 11 : Line Transient Response. 
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Figure 12 : Quiescent Current vs. Input Voltage. 
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Figure 13 : Fixed Output Regulator. Figure 14 : Constant Current Regulator. 


L78SXX 


@ 
L78SXX 


Notes: 1. To specify an output voltage, substitute voltage va- 
lue for "XX". 
2. Although no output capacitor is needed for stabili- 
ty, it does improve transient response. 
3. Required if regulator is located an appreciable dis- 
tance from power supply filter. 
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Figure 15 : Circuit for Increasing Output Voltage. Figure 16 : Adjustable Output Regulator 
(7 to 30V). 


L78S XX 


IRi25 lq 


R 
Vo = Vx (1+ == ) + la Re 
1 


Figure 17 : 0.5 to 10V Regulator. 


a... aes 
L78S05 Ea L78SXX 
—_—_> _> 


VBEQ} 


lo = IREc + Q; [IREG — 
Ri 


Figure 19 : High Output Current with Short Circuit Figure 20 : Tracking Voltage Regulator. 


Protection. 
| ane r L78SXX ) O 
3 


Q1 =8D534 COMMON COMMON 


Q2 = 2N6124 


2N6124 S-4104/1 
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Figure 21 : Positive and Negative Regulator. Figure 22 : Negative Output Voltage Circuit. 


L78SXX 


L78SX xX 
L78SXX 


(") D; and De are necessary if the load is connected between + 
Vo and — Vo. 


Figure 23 : Switching Regulator. Figure 24 : High Input Voltage Circuit. 


S- 4109 


Vin = Vi-— (Vz + VBE) 


Figure 25 : High Input Voltage Circuit. Figure 26 : High Output VoltageRegulator. 


L78SXX f 


Vin = Vz - VBE 
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Figure 27 : High Input and Output Voltage. Figure 28 : Reducing Power Dissipation with 
Dropping Resistor. 


S-4112 


Vi«min) — Vxx — VDROP(max) 


lo(max) By ld(max) 


Vo = Vxx + Vz1 R= 


Figure 29 : Remote Shuntdown. Figure 30 : Power AM Modulator (unity voltage 
gain, lo < 1A). 


Modulation 
Signal 


§-4119 


Note : The circuit performs well up to 100KHz. 


Figure 31 : Adjustable Output Voltage with Tem- 
perature Compensation. 


L78SXX 


S-4117/1 


R 
Vo = Vxx (1 ao ) + VBE 


Note :Q2 is connected as a diode in order to compensate the 
variation of the Q: Vee with the temperature. C allows 
a slow rise-time of the Vo 
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L78S00 SERIES 


Figure 32 : Light Controllers (Vo min = Vxx + VBE). 


Vo falls when the light goes up Vo rises when the light goes up 


Figure 33 : Protection against Input Short-circuit 
with High Capacitance Loads. 


Applications with high capacitance loads and an 
output voltage greater than 6 volts need an external 
diode (see fig. 33) to protect the device against in- 
put short circuit. In this case the input voltage falls 
rapidly while the output voltage decreases showly. 
The capacitance discharges by means of the Base- 
Emitter junction of the series pass transistor in the 
regulator. If the energy is sufficiently high, the tran- 
sistor may be destroyed. The external diode by- 
passes the current from the IC to ground. 


14/14 fy7 SGS-THOMSON 
s/f MICROELECTRONICS 
338 


kwa SGS-THOMSON L7900 
SF iMiCROELECTROMICS SERIES 


NEGATIVE VOLTAGE REGULATORS 


» OUTPUT CURRENT UP TO 1.5A 

a OUTPUT VOLTAGES OF —5 ;—5.2;-8;-12; 
—15;-18 ;-—20 ;-—22;-24V 

=» THERMAL OVERLOAD PROTECTION 

a SHORT CIRCUIT PROTECTION 

a OUTPUT TRANSISTOR SOA PROTECTION 


DESCRIPTION 


The L7900 series of three-terminal negative regula- 
tors is available in TO-220 and TO-3 packages and 
with several output voltages. They can provide local 
on-card regulation, eliminating the distribution pro- 
blems associated with single point regulation ; fur- 
thermore, having the same voltage options as the 
L7800 positive standard series, they are particular- 
ly suited for split power supplies. In addition, the 
—5.2V is also available for ECL system. 


lf adeguate heatsinking is provided, the L7900 se- 
ries can deliver an output current in excess of 1.5A. 
Although designed primarly as fixed voltage regula- 
tors, these devices can be used with external com- 
ponents to obtain adjustable voltages and currents. 


SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Syabel 
V, DC Input Voltage (for Vp =-— 5 to — 18V) — 35 
(for Vo =— 20, — 24V) - 40 

eae Output Current Internally limited aaa 


bie | Total Power Dissipation Internally limited aa 
Operating Junction Temperature 0 to + 150 
Storage Temperature — 65 to + 150 


THERMAL DATA 


pf tr20 | tO | 
Rth j-case| Thermal Resistance Junction-case Max 3 4 °C/W 
Rthj-amb | Thermal Resistance Junction-ambient Max 50 35 °C/W 


CONNECTION DIAGRAM AND ORDERING NUMBERS (top views) 


> ~OUTPUT OUTPUT 
| INPUT INPUT 


GND 
S-5034 


ae connected to pin 3 S - 5033/1 


TO-220 Output Voltage 


L7905C L7905CV L7905CT 
L7952C L7952CV L7952CT 
L7908C L7908CV L7908CT 
L7912C L7912CV L7912CT 
L7915C L7915CV L7915CT 
L7918C L7918CV L7918CT 
L7920C L7920CV L79200T 
L7922C L7922CV L7922CT 
L7924C L7924CV L7924CT 


APPLICATION CIRCUIT 


S-5036/1 
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L7900 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7905C (refer to the test circuits, T; = 0 to 150°C 
V, =—10V, I, = 500mA, OC; = 2.2uF, C, = 14F unless otherwise specified) 
[Symbol| __—Parameter_—|_—Test Conditions | Min. | Typ. | Max. | Unit _| 


Vo Output Voltage lop =-5mAto-—1A P, < 15W — 4.75 -5 — 5.25 V 
V,=- 8 to — 20V 
AV >* Line Regulation V,=-7 to— 25V = 25°C 100 mV 
V,=- 8 to-12V i = 25°C 50 mV 
AV,* | Load Regulation lo = 5 to 1500mA T; = 25°C 100 mV 
Ip = 250 to 750mMA T, = 25°C 50 mV 
| la__| Quiescent Current Ty = 25°C ne ee ee 


[ate [ avescon aren Gage [i = 516 toma Pas | 


AT 


| en | Output Noise Voltage B =10Hz to 100KHz Tj = 25°C aan ee HV/Vo 
Supply Voltage Rejection | AV, = 10V = 120Hz | 54 | 6 | | 


| oB 

AV, = 100mMV 
| tse | Short Circuit Curent | CT at 
| Iscp__| Short Circuit Peak Current | T)=25°C | | | A 


ELECTRICAL CHARACTERISTICS FOR L7952C (refer to the test circuits, T; = 0 to 150°C 
Vi =— 10V, I, = 500mA, C; = 2.2uF, C, = 1pF unless otherwise specified) 


Syinbal ee ee ee ae ae 
pe Output Voltage T, = 25°C = | -5 | = | 5.2 | A ei | 54 | 4 


Output Voltage lp=-—5mAto-—1A Py, < 15W -495 | —52 | —5.45 
V,=-9to-21V 
AV,” | Line Regulation V, =— 8 to — 25V T; = 25°C 105 mV 
V,=-9 to—13V T, = 25°C 52 mV 
Load Regulation lo = 5 to 1500MmA T, = 25°C 105 mV 
lp = 250 to 750mMA ~~ siT, = 25°C 52 mV 
bee Quiescent Current T, = 25°C a ee ee 


tle | Gulescont Curent Change | to = 846 1000mA 
He Queseen Curent change | n= 8 228 Hj —_| 18 | ma! 


B=10Hz to 1ooKHe T)=25C [| 125 | | nVNo 
AV; = 10V f = 120Hz 4 | eo} | oe 


Vag Dropout Voltage lo = 1A T; = 25°C V 
AV, = 100mV 


ie [ston Grete iP CSC~“—~sSsSSCi 


* Load and line regulation are specified at constant junction temperature. Changes in V. due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 
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ELECTRICAL CHARACTERISTICS FOR L7908C (refer to the test circuits, T, = 0 to 150°C 
V,=—14V, |, = 500mA, C, = 2.2uF, C, = 1nF unless otherwise specified) 


[Symbol] Parameter [Test Conditions | win. | Typ. [ Max. | Unit 
Tvs | OubutVotage ‘| Ta25SSSCS*~<~*~“~*~dt Ce 8 [es | 


Vo Output Voltage lp =-5mAto-—1A Po, < 15W -7.6 — 8.4 V 
V, =- 11.5 to - 23V 

AV 9" Line Regulation V,=- 10.5 to-—25V T, =25°C 160 mV 

80 mV 


Vi=-11to-17V TT, =25°C 


lo = 250 to 750mA Tj =265°C 80 mV 
| GusscontGuret | tea Sid ml 
ata | Quiescent Current Change | Vie=115t0-25V : 


Output Voltage Drift lo =5mA 


Output Noise Voltage B =10Hz to 100KHz_ T, = 25°C Feed 
Supply Voltage Rejection AV, = 10V f = 120Hz 
= 

| ae 


175 

Dropout Voltage lo = 1A T, = 25°C 1.1 
AV, = 100mV : 

1. 


Short Circuit Peak Current | T, = 25°C 


ELECTRICAL CHARACTERISTICS FOR L7912C (refer to the test circuits, T, = 0 to 150°C 
V, =—19V, |, = 500mA, C, = 2.2uF, C, = iF unless otherwise specified) 


V, =- 5.5 to- 27V 
leo 
| Als 


V,=- 16 to -— 22V T; = 25°C 
lb = 250 to 750mA T, = 25°C 


m 
Output Voltage Drift lp = 5mMA 
AT 


J 
lo 
| 
Supply Voltage Rejection | AV, =10V f = 120Hz 


V Dropout Voltage lo = 1A T, = 25°C 
AV, = 100mV 


Short Circuit Peak Current | T, = 25°C a 7: 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 


bol 
ie) 
(0) 

: Fe 

‘ La 

T at ee 

ae eee 

| Ala | Quiescent Current Change | Vi=-15to-30V,— | 

N | | 200 | 

| 60 | 

| ss 


20 
1 
1 


0 
“al 
Re) 
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ELECTRICAL CHARACTERISTICS FOR L7915C (refer to the test circuits, T, = 0 to 150°C 
V, = — 23V, |, = 500mA, OC; = 2.2uF, C, = iF unless otherwise specified) 


[Symbol] Parameter [Test Conditions | win. | Typ. | Max. | Unit 
[ve [outage rie fea is Tis |v 


Output Voltage ‘ =-—5mAto-1A P,. < 15W -14.3 | -15 | -— 15.7 V 
V, =— 18.5 to — 30V 


Line Regulation V.=-17.5to-30V T, =25°C 
Vi=-20to-—26V T, =25°C 


AV 9* Load Regulation lp = 5 to 1500mA T, = 25°C 300 mV 
lp = 250 to 750mA T, = 25°C 150 mV 
| le | Quiescent Current T, = 25°C re ee ee 


a a a 
re ee oe 


| en | Output Noise Voltage = 10Hz to i100KHz Tj = 25°C re UV/Vo 
Pon Supply Voltage Rejection AV, = 10V f = 120Hz 


Dropout Voltage l,=1A = 25°C 
AV> = 100mV 


Se se no Ee is fa 
[sep | Shon circuit Peak Current [225% —SSSC~C~Si ee | 


ELECTRICAL CHARACTERISTICS FOR L7918C (refer to the test circuits, T; = 0 to 150°C 
Vi =—27V, |, = 500mA, C, = 2.2uF, C, = 1uF unless otherwise specified) 


Syme rarameter _1__Teet Conetvone _} win} Typ. | Mex. Unit 
eC ee i ee eed 


Output Voltage l,=-5mAto-iA P, <15W — 17.1 —-18 | - 18.9 
V, =— 22 to — 33V 
Line Regulation Vi =- 21 to- 33V z = 25°C 360 mV 
V, =— 24 to — 30V = 25°C 180 mV 
AV," | Load Regulation Ip =5 to 1500mA ; = 25°C 360 mV 
lp = 250 to 750mMA ~~‘ T, = 25°C 180 mV 
la Quiescent Current T, = 25°C P| | mA | 


p38 pm 
ee a a a 


AT 


| en | Output Noise Voltage B =10Hz to 100KHz T, =25°C a ae LV/Vo 
Supply Voltage Rejection | AV, = 10V f=120Hz | 54 | 60 | 


Va Dropout Voltage lp =1A Tj = 25°C 1.1 V 
AV = 100mV 


flee Sine OMe ee ee ee 
[_lscp | Short Circuit Peak Current | T)=25°C | | 2 | 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 
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L7900 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7920C (refer to the test circuits, T; = 0 to 150°C 
V, =—29V, |, = 500mA, C, = 2.2uF, C, = 1uF unless otherwise specified) 


Test Conditions | Min. | 
Output Voltage T, = 25°C - 20 


Output Voltage lp =-5mAto-—1A P, < 15W -— 19 -— 20 
V, =— 24 to — 35V 

Line Regulation Vij=-23to-35V Tj =25°C 
Vi=-26to-32V Tj =25°C 

Load Regulation lob = 5 to 1500mA T; = 25°C 
lp =250 to 750mMA_ ~—s-‘T, = 25°C 


Pax [ ue 
=me| Vv 
fiat ae 
400 
BEES 
400 
— 
mt 
nae 


| 3 | mA 
| 05 | ma | 
1 


V 
V 
mV 
mV 
mV 
mV 
mA 
mA 
A 

C 
V 
A 
A 
V 
V 
V 
V 
V 
V 
A 
A 
A 


[Quiescent Curent «(Tj -250 YS 
| Ala —_| Quiescent Current Change | Ip =5 to 1000mA Eo. 
| Ala | Quiescent Current Change | V, =— 24 to — 35V Ld 


AT 


Reaenis a Output Noise Voltage B =10Hz to 100KHz_ T, = 25°C 
Supply Voltage Rejection AV, = 10V f = 120Hz 


Dropout Voltage lp =1A T, = 25°C 
AV, = 100mV 


a 
ieee | Short Grout Peak Curent [Taro SSSCS~=~—SCSC~dti 


ELECTRICAL CHARACTERISTICS FOR L7922C (refer to the test circuits, T, = 0 to 150°C 
Vi =—-31V, |, = 500mA, C; = 2.2uF, C, = 1uF unless otherwise specified) 
_ Typ. | Max. | 


Test Conditions | Min. | 
Output Voltage T, = 25°C 


Es 
a 
ae 
| Unit _| 
Lae 
Output Voltage l,=-5mAto—1A P, < 15W -20.9 | -—22 | - 23.1 
| mA 
| mA 
3 


=1.4 


yp. 
pt | ma | 
i a 

350 | | BVNo | 

a 
anes) 
aes 


| 350_| 
54 | so | 


Load Regulation lo = 5 to 1500MA T, = 25°C 440 
lp =250to 750mA ~——iT, = 25°C 220 
T, = 25°C 
| Ala Quiescent Current Change = 5 to 1000mA 


,° —_ 

l es 

| Als | Quiescent Current Change | Vi=-26to-37v_ | 
a 


m 

Line Regulation V, =- 25 to - 37V T, = 25°C 440 m 

Vi. =-28to-34V T, =25°C 220 m 

m 

m 

pla | m 
m 


AVo Output Voltage Drift Il, =5mA 


| en | Output Noise Voltage B = 10Hz to 100KHz_ T, = 25°C 
Supply Voltage Rejection AV, = 10V f = 120Hz 
Vd 


Dropout Voltage lL =1A T, = 25°C 
AV, = 100mV 


= 
| lsc | Short Circuit Current | Ett A 
|_lsep | Short Circuit Peak Current | T/=25°C || 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 


1.1 

75 
1.1 
1.1 
2.2 
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L7900 SERIES 


ELECTRICAL CHARACTERISTICS FOR L7924C (refer to the test circuits, T; = 0 to 150°C 
V, =— 38V, |, = 500mA, C; = 2.2uF, C, = 1F unless otherwise specified) 


[Symboi] Parameter | Test Conditions | Min. | Typ. | wax. | unit 
[Yo _[Ouputvtage [tree as oe [oes |v 


Output Voltage lo=-5mAto-1A P, <s 15W —22.8 | —24 | -— 25.2 V 
V, =— 27 to — 38V 


Line Regulation V.=-27to-38V T,=25°C 
Vi=-30to-36V  T,=25°C 


AV,” j Load Regulation lp = 5 to 1500mA Tj = 25°C 480 mV 
lp = 250 to 750mA T, = 25°C 240 mV 
| ls | Quiescent Current | T, = 25°C aaa aes ee 


ate sr Coen Ges OWA Pos Pan 
2h, Queseen eure Shatge |= 29 a ee 


| en | Output Noise Voltage = 10Hz to 100KHz_ T, = 25°C | = | 400 | uV/Vo 
| SVR Supply Voltage Rejection a = 10V f = 120Hz | 54 | 60 | 


Vg Dropout Voltage lo = 1A T, = 25°C 1.1 V 
AV, = 100mV 


ie | Shor Great Curent | OCSCSC—C—C—‘i 
sep | Shor Crcuit Peak Current [7,225 SSCSCS~—SSSCid ne 


* Load and line regulation are specified at constant junction temperature. Changes in V. due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 


APPLICATION INFORMATION 
Figure 1 : Fixed Output Regulator. Figure 2 : Split Power Supply (+ 15V/1A). 


S-5037/1 


Notes: 1. To specify an output voltage, substitute voltage va- * Against potential latch-up problems. 
lue for "XX". 

2. Required for stability. For value given, capacitor 
must be solid tantalum. If aluminium electrolitics 
are used, at least ten times value should be selec- 
ted. C; is required if regulator is located an appre- 
ciable distance from power supply filter. 

3. To improve transient response. If large capacitors 
are used, a high current diode from input to output 
(1N4001 or similar) should be introduced to protect 
the device from momentary input short circuit. 
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L7900 SERIES 


Figure 3 : Circuit for Increasing Output Voltage. Figure 4 : High Current Negative Regulator 
(— 5V/4A with 5A current limiting). 


* C3 Optional for improved transient response and ripple rejection. 


Figure 5 : Typical ECL System Power Supply 
(— 5.2V/4A). 


$-5040/ 


* Optional dropping resistor to reduce the power dissipated in the 
boost transistor. 
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+ 2% NEGATIVE VOLTAGE REGULATORS 


a OUTPUT CURRENT UP TO 1.5A 

a OUTPUT VOLTAGES OF —5;-5.2 ;-8;-12; 
—15;-18 ;-20 ;- 22 :-— 24V 

» THERMAL CIRCUIT PROTECTION 

a OUTPUT TRANSISTOR SOA PROTECTION 


DESCRIPTION 


The L7900AC series of three-terminal negative re- 
gulators is available in TO-220 package and with se- 
veral output voltage. They can provide local on-card 
regulation, eliminating the distribution problems as- 
sociated with single point regulation ; furthermore, 
having the same voltage options as the L7800 po- 
sitive standard series, they are particularly suited for 
split power supplies. 

In addition, the -5.2V is also available for ECL system. 
lf adeguate heatsinking is provided, the L7900AC se- 
ries can deliver an output current in excess of 1.5A. 
Although designed primarly as fixed voltage regula- 


tors, these devices can be used with external compo- 
nents to obtain adjustable voltages and currents. 


SCHEMATIC DIAGRAM 


February 1989 1/8 


347 


L7900AC SERIES 


ABSOLUTE MAXIMUM RATINGS 

a 

V; DC Input Voltage (for Vp =— 5 to — 18V) - 35 
(for Vo =— 20, — 24V) — 40 V 

| Output Current | Internatty timited | 

| Total Power Dissipation | ntermaly limited | 


Top Operating Junction Temperature 0 to + 150 
Tstg | Storage Temperature — 65 to + 150 


THERMAL DATA 
Rthj-case} Thermal Resistance Junction-case 
Rth j-amb | Thermal Resistance Junction-ambient 


CONNECTION DIAGRAM AND ORDERING NUMBERS (top views) 


| OUTPUT 


1c) | > INPUT 


fp GND 
aS connected to pin 3 
TO-220 


OrderingNumbers OutputVolitage 


L7905ACV 
L7952ACV 
L7908ACV 
L7912ACV 
L7915ACV 
L7918ACV 
L7920ACV 
L7922ACV 
L7924ACV 


$-6227 


APPLICATION CIRCUIT 


L79XXA 
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L7900AC SERIES 


ELECTRICAL CHARACTERISTICS FOR L7905AC (refer to the test circuits, T, = 0 to 150°C 
V; =—10V, |, = 500mA, C, = 2.2uF, C, = 1F unless otherwise specified) 


[Symbol] Parameter | Test Conditions | win. | typ. | Max. | Unit 


Vo Output Voltage lo =-5mAto—1A P,s<15W —-48 -5 - 5.2 V 
V, =- 8 to — 20V 


Line Regulation V,=-7 to— 25V T, = 25°C 


Vi=-8to-12V 1; =25°C 


AV >* Load Regulation lp = 5 to 1500mMA T, = 25°C 100 mV 
lp = 250 to 750mA T, = 25°C 50 mV 
Quiescent Current T, = 25°C 
Quiescent Current Change | I, =5 to 1000mA 
Va 


7 
a a eC 
[Quiescent Current Change [Vie-8io-25v SSCP tm 


AV 5 Output Voltage Drift lp = 5mA 


Output Noise Voltage B=10Hzto100KHz T,=25°C | | 
Supply Voltage Rejection AV, = 10V f = 120Hz 


Dropout Voltage lp =1A T, = 25°C 
AV, = 100mV 


Short Circuit Current | Tt 
Short Circuit Peak Current | T, = 25°C Eo oe ed 


ELECTRICAL CHARACTERISTICS FOR L7952AC (refer to the test circuits, T; = 0 to 150°C 
V; =-10V, |, = 500mA, C; = 2.2uF, C, = 1uF unless otherwise specified) 


Symbol Test Conditions 
Vo Output Voltage T, = 25°C — 5.1 
-5 


Vo Output Voltage l,=-5mAto-1A P,< 15W 
V; = 9 to _- 21V 


En 
SVR 
Vg 
Isc 


ae | 
ls 


AV," | Line Regulation Vi =- 8 to- 25V T, = 25°C 
V,=-9to-13V T, = 25°C 
AV 9” Load Regulation lp = 5 to 1500mA T, = 25°C 
lp = 250 to 750mA T, = 25°C 

Quiescent Current T, = 25°C ae 


Quiescent Current Change | |, =5 to 1000mA mA 
Quiescent Current Change | V, =— 9 to — 25V fe ed 


Output Voltage Drift lp =5mA | 2 mvV/°C 
AT 


Vg Dropout Voltage lo = 1A Tj = 25°C 1.8 V 
AV, = 100mV 


ie | Shot GratGuret —SCSC~sSC—s—“—s~sSC 
Ties | Shor Circuit Peak Curent [T2250 —S~=~—~—SC“‘i ws PC 


* Load and line regulation are specified at constant junction temperature. Changes in Vo. due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 
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L7900AC SERIES 


ELECTRICAL CHARACTERISTICS FOR L7908AC (refer to the test circuits, T; = 0 to 150°C 
Vi =— 14V, |, = 500mA, CO; = 2.2uF, C, = 1F unless otherwise specified) 


[Symbol] Parameter | Test Gonaltions | Min. | Typ. | Max. | Unt | 
0 


el Output Voltage lo=-5mAto—1A Po < 15W 


Vi =— 11.5 to — 23V 
Line Regulation Vi =-10.5to-25V Tj =25°C 


Vie-11to-17V T) = 25°C 


AVo* | Load Regulation lo = 5 to 1500mA Tj = 25°C 160 mV 
lp = 250 to 750mMA ~~‘: = 25°C 80 mV 
|_ls | Quiescent Current Ty = 25°C (ema ae (lee 


a a 


| en | Output Noise Voltage = 10Hz to 100KHz 1; =25°C a UV/Vo 
| SVR Supply Voltage Rejection = 10V f = 120Hz 


Vg Dropout Voltage lp =1A Tj = 25°C 


| tse | Short Circuit Curent | 
[_lsep [Short Circuit Peak Current | T=25c | Cf | A 


ELECTRICAL CHARACTERISTICS FOR L7912AC (refer to the test circuits, Tj = 0 to 150°C 
V, =-19V, |, = 500mA, C; = 2.2uF, C, = 1uF unless otherwise specified) 


Symbol___Parameter_{___Test Cendiions_/_Min. Typ} Mex nit 
= 12.75] Vv | 


V Output Voltage lo =-5mAto-1A Py, < 15W —-11.5]} -12 | -—12.5 
V, =-— 5.5 to — 27V 
Line Regulation V,=-145to-30V Tj; =25°C 240 mV 
120 mV 


Vi-=—- 16 to — 22V Tj = 25°C 


Load Regulation lo = 5 to 1500MA Tj = 25°C 240 mV 
lo = 250 to 750mA T, = 25°C ao ae 
ienaaeceeaeasin Tj = 25°C 

| Ala _| Quiescent Current Change | I, =5 to 1000mA a 


fF scale | Quiescent Current eotiange Vi =— 15 to — 30V 


AT 


Output Noise Voltage = 10Hz to 100KHz_ T, = 25°C Hye fe uV/V, 
Supply Voltage Rejection 7 = 10V f = 120Hz 


Vg Dropout Voltage lo = 1A T, = 25°C 
AV> = 100mV 


EEE 


Ss eee ase is 
| Short Circuit Peak Current | T)=25°o | | 2 | 


* Load and line regulation are specified at arian junction temperature. Changes in V, due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 
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L7900AC SERIES 


ELECTRICAL CHARACTERISTICS FOR L7915AC (refer to the test circuits, T, = 0 to 150°C 

V,=— 28V, |, = 500mA, C; = 2.2uF, C, = 1uF unless otherwise specified) 

[Symbol] Parameter | _Test Conditions | Min. | Typ. | Max. | Unit | 
v 


0 Output Voltage l=-5mAto-1A P,.<15W —-14.4] -15 | -— 15.6 V 
V, =— 18.5 to — 30V 


V 
AV." Line Regulation V,=-17.5to-30V T, =25°C 


V,=-20to-26V _T, = 25°C 


Load Regulation lp = 5 to 1500mA Tp p=25°C 
lp =250 to 750mA_ ~—‘ TT, = 25°C 
Quiescent Current Change | |p, =5 to 1000mA ae 


A 


Quiescent Current Change | V, =— 18.5 to — 30V 


AVo Output Voltage Drift lp = 5mA 


Output Noise Voltage B =10Hz to 100KHz T, =25°C 
Supply Voltage Rejection AV, = 10V f = 120Hz 5 


Dropout Voltage l,=1A T, = 25°C 1.1 
AVo = 100mV 


Short Circuit Current 3 
Short Circuit Peak Current | T, = 25°C | 


ELECTRICAL CHARACTERISTICS FOR L7918AC (refer to the test circuits, T, = 0 to 150°C 
V, =—27V, |, = 500mA, C, = 2.2uF, C, = 1pF unless otherwise specified) 


Output Voltage lp=-5mAto-—1A Py, < 15W — AZ: |) 1B, s= 16.7 V 
V, =— 22 to — 33V 

Line Regulation Vi.=-21to-33V  T,;=25°C 360 mV 
V, =— 24 to — 30V T, = 25°C 180 mV 


Vo" 
AT 
SVR 
Va 


Isep 


V 


Vo 
Vo 
Vo" 


A 


o = 250 to 750mA T, = 25°C 
[auiescent Curent —[tj-250 SS*SS*dYSSCdt | 
F Quiescent Current Change | Is =5t0 oooma—S«d~SCiéiSSSCi*dC( 
[ala | Quiescent Current Change | V,--22to-aav—SSCS~sSSidS 


AT 


B=10Hzto100KHz T)=25°C | | 300 | | nV | 
AV, = 10V f=120Hz | 54 | 60 | | oB 


Vq Dropout Voltage lp = 1A T, = 25°C 1 V 
Shon CrevitCurent | SSC=<C~sSsS*~—sSsSSC‘i A | dC 
he etal Short Circuit Peak Current | T, = 25°C pa 2.2 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 


ro) 
on 
3 


mvV/°C 


EG 
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L7900AC SERIES 


ELECTRICAL CHARACTERISTICS FOR L7920AC (refer to the test circuits, T; = 0 to 150°C 
Vi =— 29V, |, = 500mA, OC; = 2.2uF, C, = 1uF unless otherwise specified) 


Symbol| __Parameter__—|_— Test Conditions | Min. | Typ. | Max. | Unit_| 
-—Ye_| Ouput Votage _{ Tn25r@-___,—19a | ~20 |-a4] v_ 


Output Voltage lo=-5mAto-1A P,.<15W -— 19.2 V 
Vi =— 24 to — 35V 
Line Regulation Vie-23to-35V Tj =25°C 400 mV 
200 mV 


Vi =— 26 to — 32V ue = 25°C 


AV,* | Load Regulation lo = 5 to 1500mA 25°C 400 mV 
lo = 250 to 750mA - 25°C ra aa 
etn Quiescent Current Tj = 25°C 


RCSLT Ee a on ken oe 
[ae [einen iron cree [ex stwnany YY 


Output Voltage Drift lp = 5mA -_ — 1.1 = mv/°C 


| Output Noise Voltage || B= 10Hzto 100KHz T)=25°C | | 350 | | BV | 
ee ee sv = 10V = 120Hz 4 | eo | | 


Va Dropout Voltage lo = 1A Tj = 25°C V 
AV, = 100mV 


| _Ise_| Short Circuit Current, | | 
|_Iscp | Short Circuit Peak Current | T=25°c | 2 | 


ELECTRICAL CHARACTERISTICS FOR L7922AC (refer to the test circuits, T; = 0 to 150°C 
Vi; =-31V, |, = 500mA, CO; = 2.2uF, C, = 1u.F unless otherwise specified) 


symbol| Parameter |_—Test Conditions | Min. | Typ. | Max. | Unit_| 
ve _| Ouput votege _1 Tyr ___{=ais | ~22 1-228 | v__ 


Output Voltage lp=-5mAto-1A P, < 15W —21.1 | —22 | —229 V 
V; =—— 26 to — 37V 
Line Regulation Vi=-25to-37V = Tj =25°C 440 mV 
Vi =— 28 to — 34V Tj = 25°C 220 mV 
AV .* Load Regulation lo = 5 to 1500mMA T, = 25°C 440 mV 
lp = 250 to 750mMA T; = 25°C a ee 
ee Quiescent Current Tj = 25°C 


a ti ae 
Ale Quicsoont Curent Ghenge | View 26tem ery ff} | tm 


ar 


en Output Noise Voltage = 10Hz to 100KHz 1; = 25°C |B=10Hzto 100KHz T)=25°° | | 375 | | HV/Vo 
= Supply Voltage Rejection 7 = 10V f = 120Hz 


_ 4 | 6 | | 
Dropout Voltage lo =1A Tj = 25°C 1.1 V 
AV, = 100mV 


| lsc_| Short Circuit Current | tt PT 
|_Iscp | Short Circuit Peak Current | T=25°C || ce | 


* Load and line regulation are specified at constant junction temperature. Changes in Vo. due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 
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L7900AC SERIES 


ELECTRICAL CHARACTERISTICS FOR L7924AC (refer to the test circuits, Tj = 0 to 150°C 
V; = — 33V, |, = 500mA, OC; = 2.2uF, C, = iF unless otherwise specified) 


Symbol|___Parameter__—_—|_— Test Conditions | Min. | Typ. | Max. | Unit_| 
| Me_} Output atiage __} Tate __|=235) 24 {2451 v_ 


Output Voltage lo=-5mAto-1A Py, s 15W — 23 — 24 V 
Vj =—- 27 to — 38V 
Line Regulation Vi=-27to-38V Tj =25°C 480 mV 
V; =— 30 to — 36V Tj = 25°C 240 mV 
Load Regulation . = 5 to 1500mA us = 25°C 480 mV 
lp = 250 to 750mA 25°C 240 mV 
= Quiescent Current Tj = 25°C (ome aes ee 


ie ee ae ae aa ee 
ie Been Geren Sage A ares pj ft | ma_| 


a Output Noise Voltage = 10Hz to 100KHz Tj = 25°C | = | 400 || py | 
Supply Voltage Rejection wT = 10V f = 120Hz 54 | 60 


Vg Dropout Voltage lp =1A Tj = 25°C V 
AV, = 100mV 


| lsc | Short Circuit Current | Tt 
| lscp_| Short Circuit Peak Current | Tj=25°C | | || 


“Load and line regulation are specified at constant junction temperature. Changes in V> due to heating effects must be taken into ac- 
count separately. Pulce testing with low duty cycle is used. 


APPLICATION INFORMATION 
Figure 1 : Fixed Output Regulator. Figure 2 : Split Power Supply (+ 15V/1A). 


L7815AC 


1 


Notes: 1. To specify an output voltage, substitute voltage va- * Against potential latch-up problems. 
lue for "XX". 

2. Required for stability. For value given, capacitor 
must be solid tantalum. If aluminium electrolitics 
are used, at least ten times value shown should be 
selected, C, is required if regulator is located an 
appreciable distance from power supply filter. 

3. To improve transient response. If large capacitors 
are used, a high current diode from input to output 
(1N4001 or similar) should be introduced to protect 
the device from momentary input short circuit. 
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L7900AC SERIES 


Figure 3 : Circuit for Increasing Output Voltage. Figure 4 : High Current Negative Regulator 
(— 5V/4A with 5A current limiting). 


* C3 optional for improved transient response and ripple rejection. 


Figure 5 : Typical ECL System Power Supply 
(— 5.2V/4A). 


* Optional dropping resistor to reduce the power dissipated in the 


boost transistor. 
sie CCCC“‘(SSCC*éié@F SGs-THOMSSONN 
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LF147/A/B 
LF247/A/B 
LF347/A/B 


J—-FET INPUT QUAD OP-AMPs 


» LOW POWER CONSUMPTION 

a WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

» LOW INPUT BIAS AND OFFSET CURRENT 

a OUTPUT SHORT-CIRCUIT PROTECTION 

es HIGH INPUT IMPEDANCE J-FET INPUT 
STAGE 

a» INTERNAL FREQUENCY COMPENSATION 

» LATCH UP FREE OPERATION 

a HIGH SLEW RATE : 13 V/us (typ) 

(Plastic package) 


J SUFFIX 
(Cerdip package) 


DESCRIPTION 


These circuits are high speed J-FET input quad ope- 
rational amplifiers incorporating well matched, high 
voltage J-FET and bipolar transistors in a monolithic 
integrated circuit. 


The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempe- 
rature coefficient. 


PIN CONNECTIONS (Top views) 
DIP14/CERDIP14 


-NC 

-Qutput 1 

-Inverting input 1 

-Output 1 -Non-inverting input 1 

- Inverting input 1 9 - Inverting input 3 

-Non-inverting input 1 10 -Non-Inverting input 3 
+ 

-Voc 11-Vcc 

-Non-inverting input 2 12 -Non-Inverting input 4 

-Inverting input 2 13 -Inverting input 4 

- Output 2 14 -Output 4 


- Non-inverting input 2 
- Inverting input 2 
-Output 2 


1 
2 
3 
4 
5- 
6- 
oa 
8 
9 
0 


_ 


December 1988 


(Plastic micropackage) 


we 


GC 
LCC20 


(Tricecop LCC ) 


- Inverting input 3 
-Non-inverting input 3 
-NC 

-Vec 

-NC 

-Non-inverting input 4 
- Inverting input 4 

- Output 4 
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LF147/A/B - LF247/A/B - LF347/A/B 


ORDER CODES 


Part Number 


LF147GC — 55 °C to + 125 °C 
LF147AGC — 55 °C to + 125 °C 
.LF147BGC — 55 °C to + 125 °C 
LF147J — 55 °C to + 125 °C 
LF147AJ — 55 to + 125 °C 
LF147BJ — 55 °C to + 125 °C 
LF247N — 40 °C to + 105 °C 
LF247AN -— 40 °C to + 105 °C 
LF247BN — 40 °C to + 105 °C 
LF247D — 40 °C to + 105 °C 
LF247AD — 40 °C to + 105 °C 
LF247BD - 40 °C to + 105 °C 
LF347N 0 °C to + 70 °C 
LF347AN 0 °C to + 70 °C 
LF347BN 0 °C to + 70 °C 
LF347D 0 °C to + 70 °C 
LF347AD 0 °C to + 70 °C 
LF347BD 0 °C to+ 70°C 


ABSOLUTE MAXIMUM RATINGS 


symbol] ——~Savametor —SSSCS*S*~—wSCS*‘“~*~*~‘ IW *d 
Pio | Power Gissipaion ———SSSSSSCSCSCS~S—SSSSS Sd 
[Fup Stren ae) te 


Toper | Operating Free Air Temperature Range 


LF347, A, B 0 to 70 
LF247,A,B — 40 to 105 
LF147, A, B -— 55 to 125 


Storage Temperature Range — 65 to 150 


Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Véc and Véc. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 
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LF147/A/B - LF247/A/B - LF347/A/B 


SCHEMATIC (each amplifier) 


Non-inverting 
input 
inverting 
input 


1/4 LF 347 


E88LF347-01 


Inverting Non-inverting - 
DIP14 
S014 1,7, 14, 8 2, 6, 13, 9 3, 5, 12, 10 4 11 
CERDIP14 


LCC20 2, 10, 12, 20 3, 9, 13, 19 48,1418 | 6 | 16 | 


*LCC20 : Other pins are not connected. 
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LF147/A/B - LF247/A/B - LF347/A/B 


ELECTRICAL CHARACTERISTICS 

Voc = + 15 V (unless otherwise specified) 

LF147, LF147B, LF147A —55 <Tamp, $+ 125 CT 
LF247, LF247B, LF247A —40<Timp $+ 105 CT 
LF247, LF247B, LF247A = =0 < Tam, <+ 70 TC 


LF147A, B 
LF247A, B 
LF347A, B 


Parameter 


Input Offset Voltage 
Tamb = 25 °C (Rs < 10 kQ) 
LF147B, LF247B, LF347B 
LF147A, LF247A, LF347A 
Tmin $ Tamb S$ Tmax 
LF147B, LF247B, LF347B 
LF147A, LF247A, LF347A 


Input Offset Current * 
Tamb = 25 °C 
T min < Tamb S T max 


| Input Bias Current * 


Tamb = 25 2G 
Tin S Tamb < T max 


Avd Large Signal Voltage Gain 
(Ru > 2 kQ, Vo =+ 10 V) 
Tamb = 25 °C 

Timin < Tamb = T max 


SVR_ | Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Timin S Tamb < T max 
Supply Current, per Amp, no Load 
Tamb = 25 °C 
Tin < Tamb = T max 


V; Input Voltage Range 
Tamb = 25 °C 
Timin = Tamb < Tmax 


CMR | Common Mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Timin = Tamb = T max 
Output Short-circuit Current 
Tamb = 25 °C 
T min = Tamb < T max 


Output Voltage Swing 
Tamb = 25 °C 


Nh po 
3 


+ 
vs 
—_—, 


60 
60 


oO 


Tmin Ss Tamb < T max 


3 


Slew-rate (V, = 10 V, RL =2 kQ) 
C. < 100 pF, Tamb = 25 °C, unity gain 


* The input bias currents are junction leakage currents wich approximatively double for every 10 °C increase in the junction temperature. 


Vius 


—_ 

i) 

—_ ack 
Go 
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AI12 
eee eee, f SGS-THOMSO 

S/ i Sie 
358 


LF147/A/B - LF247/A/B - LF347/A/B 


ELECTRICAL CHARACTERISTICS (continued) 


LF147A, B 
p LF247A, B 


| Min. | Typ. | Max. | Min. | Typ. | Max. | 


Rise Time 

(V, =20 mV, Ry =2 kQ) 

Cr. = 100 pF, Tamb = 25 °C, unity gain 0.1 0.1 

Overshoot (V, = 20 mV, Rx =2 kQ 

Ci < 100 pF, Tamp = 25 °C, unity gain) 10 10 

Gain Bandwidth Product 

(f = 1 kHz, Ay= 20 dB, R_ =2 kQ 
CL Ss 100 pF, Tamb = 25 °C, Vo =2 Vop) 0.01 
Equivalent Input Noise Voltage 
(f = 1 kHz, Rg = 100 Q) 1 


Vin = 10 mV, Ry =2 kQ, Cy = 100 pF) 
Input Resistance (Tamp = 25 °C) 


Total Harmonic Distortion 


Phase Margin 


te Channel ee 
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LF147/A/B - LF247/A/B - LF347/A/B 


MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY VOLTAGE VERSUS EREQUENCY 


ae 30 
Ri = 2 kQ 
UR ete vil Tome +25 
I) | 
He TiAl mi 


i AY 
ot 


a a i 


all ii at tt ai 


! 


VOLTAGE (V) 


har imi vt 
| Ni 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 
a 
MAXIMUM PEAK TO PEAK OUTPUT 


0 0 
100 «1k 10k) 100k M “10M 100 " 10k 100k «1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88LF347-02 E88LF347-03 
MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 


VOLTAGE VERSUS FREQUENCY VOLTAGE VERSUS FREE-AIR TEMP. 


Vcc= t15V 
See figure 2 


.30 


15 


VOLTAGE (V) 


10 


5-~-—— 


MAXIMUM PEAK TO PEAK OUTPUT 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


Vcc= _+ 15 Vv 
0 See figure 2 
10k 40k 100k Hn aM I -75 -50 -25 0 25 50 75 100 125 
FREQUENCY (Hz e 
E88LF347-04 TEMPERATURE ( C) -s8LF347-05 
MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD VOLTAGE VERSUS SUPPLY 
RESISTANCE VOLTAGE 


ter 
a) 


Tamb = + 25°C 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


ord CS Es SS a Cs Se Cs 


0 
01 0.2 0.4 O7 1 4 7 #10 8 
LOAD Se SeaNce (k2Q) SUPPLY VOLTAGE (V) 
£88LF347-06 E88LF347-07 
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AMPLIFICATION (V/mvV) INPUT BIAS CURRENT (nA) 


DIFFERENTIAL VOLTAGE 


SUPPLY CURRENT (mA) 


LF147/A/B - LF247/A/B - LF347/A/B 


LARGE SIGNAL DIFFERENTIAL 


INPUT BIAS CURRENT VERSUS VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
100 — LSS | 
cVcc - +15 V ——— par 
eS e a 
a i : 
10 Lez eae = iZ_] wo 
_—— eS o> 
— a —— 
ee aay EP PE ES =—— 
i ee pa [pt = 
Oz — 
—————— > Te) 
SD by 6 Sn os <q = 
eae ay A ae ce a a 
: | gy 
PALS A a eT Se Se u 
ee eS] u 
Pr es ee ae a) es S 
“0-25 0 %@ 50 75 100 125 -75 -50 -25 0 26 SO 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
E88LF347-08 E88LF347-09 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND TOTAL POWER DISSIPATION VERSUS 
PHASE SHIFT VERSUS FREQUENCY FREE-AIR TEMPERATURE 


106 ~-~--:- 
 Vec= £8 V to +15 V = 
108 Ry = 10 kf ss 
Tape + 25°C r3 
@ —_ 
104 DIFFERENTIAL 0 § Z 
VOLTAGE =F a. 
AMPLIFICATION = 
103 (left scale) 455 = Z 
tc 
102 }-}—4+ 9 Ff = 
| ! : mn 9 
‘ PHASE SHIFT 7” 
ee ” | 
ae (right i \ ISP) ak < 
Tr - 
_L : 5 
180 - 
10 J. i “Ok TOOK 1M 10M 75 -50 25 0 25 Lo 8) 75 100 125 
FREQUENCY (Hz) TEMPERATURE (°C) 
E88LF347-10 E88LF347-11 
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE VERSUS SUPPLY VOLTAGE 
2.0 2.0 
oe) ee Vine (Oe ae ieee vat tamb=+25ec | | | | | 
o signa “| No signal 
SPS ces Bs Mec 
: re ic 
12 ae ian as 
i eae Fences del 
2 
08 © 0.8 Rh ershe G 
> 
7 a ae ar at ae 
a. 
ef i 
5 io an re ae 
: ; dle ale 
-75 -55 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16 
TEMPERATURE (°C) SUPPLY VOLTAGE (Vv) 
E88LF347-12 E88LF347-13 
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LF147/A/B - LF247/A/B - LF347/A/B 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 


(A) SADVLIOA LNdLNO ONY LNGNI 


(GP) 
OILVY NO!LO3ray SJGOW NOWWOD 


100 125 


75 


°c) 


TIME (us) 


TEMPERATURE ( 


E88LF347-15 


E88LF347-14 


EQUIVALENT INPUT NOISE VOL- 
TAGE VERSUS FREQUENCY 


OUTPUT VOLTAGE VERSUS TIME 


2 8 &¢ & & 


(2H/YAY) BDVLIOA 
3SION LNdNI LNATIVAINOS 


(AW) SDVLIOA LNdLNO 


40 k 100k 


400 1k 4k 10k 
FREQUENCY (Hz) 


40 100 


10 


E88LF347-17 


E88LF347-16 


TIME (us) 


TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 


(%) NOILYOLSIG SINOWHVH IVWLOL 


FREQUENCY (Hz) 


E88LF347-18 


MICROELECTRONICS 
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LF147/A/B - LF247/A/B - LF347/A/B 


PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage Follower. Figure 2 : Gain-of-10 Inverting Amplifier. 


E88LF347-19 E88LF347-20 


AUDIO DISTRIBUTION AMPLIFIER (fo = 100 KHz) 


Figure 3 : Voltage Follower. 


O Output A 


O Output B 


O Output C 


E88LF347-21 
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LF147/A/B - LF247/A/B - LF347/A/B 


TYPICAL APPLICATION 
POSITIVE FEEDBACK BANDPASS FILTER 


fo = 100 kHz 
Q=69 


U 
Output B 


O) 
O Ground 
Output A 


E88LF347-22 


OUTPUT A OUTPUT B 


E88LF347-23 E88LF347-24 


CASCADED BANDPASS FILTER 
fo = 100 KHz ;Q = 69 ; Gain = 16 


SECOND ORDER BANDPASS FILTER 
fo = 100 KHz ; Q=30; Gain =4 
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LF147/A/B - LF247/A/B - LF347/A/B 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nomina! dimension 
(2) True geometrical position 


1 4 PINS 


1.75 max. 


14 PINS 
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LF147/A/B - LF247/A/B - LF347/A/B 


20 PINS — TRICECOP (LCC) 


1.86 max. 
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{7 SGS-THOMSON eee 
yf if MICROELECTRONICS LF351/A/B 


J—FET INPUT SINGLE OP—AMPs 


a LOW POWER CONSUMPTION 

a WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

a LOW INPUT BIAS AND OFFSET CURRENT 

a OUTPUT SHORT-CIRCUIT PROTECTION 

a HIGH INPUT IMPEDANCE J-FET INPUT 
STAGE 

a INTERNAL FREQUENCY COMPENSATION 

a LATCH UP FREE OPERATION N H 

s HIGH SLEW RATE : 13 V/us (typ) DIP8 TO99 

(Plastic package) (Metal can) 


DESCRIPTION nf Nat 
These circuits are high speed J-FET input single 


operational amplifiers incorporating well matched, Gc D 
high voltage J-FET and bipolar transistors in a LCC20 SO8 
monolithic integrated circuit. (Tricecop LCC ) 


The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempe- 
rature coefficient. 


(Plastic micropackage) 


PIN CONNECTIONS (Top views) 


-Balance 
- Inverting input — 
-Non-inverting input ee input 


cc 


-Balance -Non-inverting input 
NC 


-NC 
Voc 


4- 
2- 
3- 
Ay 
5 
6- 
7 
8- 
9 
0 


ONooahwahd — 
sono ' 


_ 
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LF151/A/B - LF251/A/B - LF351/A/B 


ORDER CODES 


Part Number 


LF151GC - 55 °C to + 125 °C LCC 


LF151AGC - 55 C to + 125 °C LCC 
LF151BGC — 55 °C to + 125 °C LCC 
LF151H - 55 °C to + 125 °C METAL CAN 
LF151AH - 55 CC to + 125 °C METAL CAN 
LF151BH -— 55 °C to + 125 °C METAL CAN 
LF251N - 40 °C to + 105 °C DIP8 
LF251AN — 40 °C to + 105 °C DIP8 
LF251BN - 40 °C to + 105 °C DIP8 
LF251D — 40 °C to + 105 °C SO8 
LF251AD — 40 °C to + 105 °C S08 
LF251BD — 40 °C to + 105 °C S08 
LF351N 0 °C to + 70 °C DIP8 
LF351AN 0 °C to + 70 °C DIP8 
LF351BN 0 °C to + 70 °C DIP8 
LF351D 0 °C to + 70 °C SO8 
LF351AD 0 °C to + 70 °C S08 


0 °C to + 70 °C SO8 


LF351BD 


ABSOLUTE MAXIMUM RATINGS 


Symbol| Parameter | Value | nit | 
v 

| Piot_| Power Dissipation | Bm 
| Output Shortereut Duration (note 4) ____ | nfite | 


Operating Free Air Temperature Range 


0 to 70 
— 40 to 105 
- 55 to 125 


Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Véc and Vec. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 
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LF151/A/B - LF251/A/B - LF351/A/B 


SCHEMATIC DIAGRAM 


Non-inverting 
input a 

inverting 
input Lal 


(}e- Balance of] 


INPUT OFFSET VOLTAGE NULL CIRCUITS 


LF 351 


E88LF151-01 


inverting 
Input 


*LCC20 : Other pins are not connected. 
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LF151/A/B - LF251/A/B - LF351/A/B 


ELECTRICAL CHARACTERISTICS 

Voc = +15 V (unless otherwise specified) 

LF151, LFiSi1A, LF15iB —55<T,,,<+125 
LF251, LF251A, LF251B —40<T,,,<+ 105 C 
LF351, LF351A, LF351B «0 S Tagyp $+ 70 © 


LF151A, B 
LF251A, B 
LF351A, B 


Parameter 
Min. | Typ. | Max. | Min. | Typ. | Max. | 


Vio Input Offset Voltage 
(Rs < 10 kQ) 
Tamb = 25 °C LF151B, LF251B, LF351B; 3 
LF151A, LF251A, LF351A; 1 
Tmin S Tamb S< Tmax LF151B, LF251B, LF351B 


LF1I51A, LF251A, LF351A 


Input Offset Voltage Drift 
Input Offset Current * 
Tamb = 25 °C 
Tmin s Tamb s T max 


Input Bias Current * 
Tamb = 25 i 
Tmin s Tamb = Tmax 


Large Signal Voltage Gain 

(Ru > 2 kQ, Vo =+ 10 V) 
Tamb = 25 °C 50 | 200 
T min = Tamb s T max 25 


Supply Voltage Rejection Ratio 

(Rs < 10 kQ) 
Tamb = 25 °C 80 
Tmin S$ Tamb S Tmax 80 


Supply Current, no Load 
Tamb = 25 °C 
Tmin = Tamb S Tmax 


Input Voltage Range 

Tamb = 25 °G 

Tmin S$ Tamb S Tmax 
Common Mode Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 
T min < Tamb S$ T max 
Output Short-circuit Current 
Tamb = 25 °C 
T min = T amb < T max 
Output Voltage Swing 
Tamb = 25 a 


— 
< 
<3 
O 


TO 3 TU 


=k 
Oo 


o©o Pp wo 

" B] oe 
ee) 

3 

< 


nA 
V/mV 


3 
> 


— 
aS 


+11 


se; 
oO 
3 


60 


“ON 
oe) 
jo) 


Tmin < Tamb Ss T max 


Slew-rate (V, = 10 V, R_ =2 kQ) V/s 
Ci < 100 pF, Tamb = 25 °C, unity gain), 


* The input bias currents are junction leakage currents wich approximatively double for every 10 °C increase in the junction temperature. 
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LF151/A/B - LF251/A/B = LF351/A/B 


ELECTRICAL CHARACTERISTICS (continued) 


LF151A, B LF151 
: LF251A, B LF251 
eremene LF351A, B LF351 


aman 
Rise Time us 
(V; = 20 mV, Ry =2 kQ) 
Ci = 100 pF, Tamb = 25 °C, unity Gain 0.1 
eee (V; = 20 mV, RL =2 kQ % 
cae < 100 pF, Tamb = 25 °C, unity gain) 10 10 
Gain Bandwidth Product MHz 
(f = 100 kHz, Tamb = 25 °C 
urna Ry =2 kQ, C_ = 100 pF) 4.0 4.0 


| _Ri_| Input Resistance (Tams = 25 °C) a Ee ae a ae 


THD | Total Harmonic Distortion 
(f = 1 kHz, Ay = 20 dB, Rt =2 kQ 
Ci. < 100 pF, Tamb = 25 °C, Vo = 2 Vpp) 0.01 0.01 
Vn Equivalent Input Noise Voltage nV/VHz 
(f = 1 kHz, Rg = 100 Q) 15 15 
| @m [Phasemargin | TT 48 |__| Degrees 


MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY - VOLTAGE VERSUS FREQUENCY 


Tamb = +25°C 
“ 


Hose tt 
ee an wit 


Hlvcc= +5 vilh || Hit 
se LT watt, oH 


UT 
0 


100 Tk 10 k 100 k agri 10M 


VOLTAGE (V) 
an 


-_ 
© 


S == === 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 
— 
MAXIMUM PEAK TO PEAK OUTPUT 


—OQ 


See figure 2 
1k 10 k 100 k IM Toe 


FREQUENCY 
SEC NED eae es FREQUENCY (Hz) poi 6151.03 
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LF151/A/B - LF251/A/B - LF351/A/B 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


INPUT BIAS CURRENT (nA) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


0) ir 
0.2 


MAXIMUM PEAK TO PEAK OUPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 


Vec=t15V 
See figure 2 


40k 100k 400k 1M 4M 


FREQUENCY (Hz) 
E88LF151-04 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 
RESISTANCE 


Vec=+t15V 
See figure 2 


2 4 


04 0.7 1 7 


LOAD RESISTANCE (kQ) 
E88LF151-06 


! 


Ce) SS CS es CS Ce > cee 


01 0 


INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 


TEMPERATURE (°C) 
E88LF151-08 


ky 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


1 


DIFFERENTIAL VOLTAGE AMPLI- 
FICATION (V/mvV) 


SGS-THOMSON 
MICROELECTRONICS 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


es 
| Hee 
——— — 


Vec= +t 15 V 
See fiqure 2 


-25 0 2 50 75 
TEMPERATURE ( C} 


100 125 
E88LF 151-05 


-75 -50 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 
VOLTAGE 


0 2 4 6 8 10 12 #14 = «16 


SUPPLY VOLTAGE (Vv) 
E88LF 151-07 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE 


000 
(iS a ee 
vee ey Cane 


200 


3 


70 
40 


75 -50 -25 0 


25 5O 75 


TEMPERATURE (°C) 
E88LF151-09 


LF151/A/B - LF251/A/B - LF351/A/B 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND TOTAL POWER DISSIPATION VERSUS 
PHASE SHIFT VERSUS FREQUENCY FREE-AIR TEMPERATURE 


106 ee Ete ee 
i Vcec=+5Vto +15 V1 = Vec= +15 V 

wu — 105 RL = 10 kil E No signal 
<= Tamb = +25°C = rs 
a> 198 DIFFERENTIAL |g 8 F 
Se VOLTAGE - = 
me) AMPLIFICATION 2 D 
Ze 103 (left scale) 45 = = 
ea ' a 
a te ‘i 
c= 10+ 9 = = 
m4 a | | be 4 
w= |__ i PHASE SHIFT a = 
a~ '0 (right scale) 135 q < 

a ro) 

’ one . [ 180 
1 10 100 1k 10k 100k 1M 10M -75 -50 -25 0 25 SO 75 100 125 
FREQUENCY (Hz) TEMPERATURE (°C) 
E88LF151-10 E88LF151-11 
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE VERSUS SUPPLY VOLTAGE 
2.0 
- Tamb = +25°C te le | 
No signal 


< =z 16 
E : No load 
a 
b ~ ! 
S = 12 
cc rs 
x c 1.0 
> 5 
° SO os 
> > . 
=f i 
rw a 0.6 
5 a 
a 2 04 
0.2 
0 
0 2 4 6 10 12 14 6 
TEMPERATURE (°C) SUPPLY VOLTAGE (Vv) 
E88LF151-12 E88LF151-13 
COMMON MODE REJECTION RATIO VOLTAGE FOLLOWER LARGE 
VERSUS FREE-AIR TEMPERATURE SIGNAL PULSE RESPONSE 


Vcc= +15 V 
Ry = 10 kQ 


(dB) 


COMMON MODE REJECTION RATIO 
INPUT AND OUTPUT VOLTAGES (V] 


75 -50 -25 0 25 SO 75 100 125 G 05 1 15 2 25 3 35 
TEMPERATURE (°C) TIME (us) 
E88LF151-14 E88LF151-15 
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LF151/A/B - LF251/A/B - LF351/A/B 


EQUIVALENT INPUT NOISE VOL: 
OUTPUT VOLTAGE VERSUS TIME TAGE VERSUS FREQUENCY 


Al 
ome 


Lae 


RL =2 kN 


OUTPUT VOLTAGE (mV) 
EQUIVALENT INPUT 
VOLTAGE (nV 


0 01 02 03 04 05 06 0.7 10 40100 400 1k 4k 10k 40k 100k 


TIME (us) E88LF151-16 FREQUENCY (Hz) 551 6151-17 


TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 


Vitrms) =6 V 


004 


0. 004 Ges iimmanwee ett i 
SSH it 


ce 
CTT CnC 


100 4k 10k 40k 100k 
pacalicncs (Hz) 


TOTAL HARMONIC DISTORTION (%) 


E88LF151-18 
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LF151/A/B - LF251/A/B - LF351/A/B 


TYPICAL APPLICATIONS 
(0.5 Hz) SQUARE WAVE OSCILLATOR 


E88LF151-19 


HIGH Q NOTCH FILTER 


fo=-— | et kH 
OF ay RIG : 


C1 =C2 == 110 pF 
R1 =R2= 2R3 =1.5 MQ 


E88LF151-20 


PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage Follower. Figure 2 : Gain-of-10 Inverting Amplifier. 


E88LF151-21 E88LF151-22 
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LF151/A/B - LF251/A/B - LF351/A/B 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


(1) Nominal dimension 


(2) Exact geometrical dimension 


10/11 
f SGS-THOMSON 
= ‘4 imcrozecrrowics 


LF151/A/B - LF251/A/B - LF351/A/B 


TO99 — METAL CAN 


12,7 min. 


20 PINS — TRICECOP (LCC) 


{7 SGS-THOMSON ee te 
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>, SGS-THOMSON ey 
Sf | MICROELECTRONICS LF353/A/B 


J-FET INPUT DUAL OP—AMPs 


a LOW POWER CONSUMPTION 

a WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

ms LOW INPUT BIAS AND OFFSET CURRENT 

a OUTPUT SHORT-CIRCUIT PROTECTION 

wm HIGH INPUT IMPEDANCE J-FET INPUT 
STAGE 

a INTERNAL FREQUENCY COMPENSATION 

m LATCH UP FREE OPERATION N 

a HIGH SLEW RATE : 13 V/us (typ) DIP8 

(Plastic package) (Metal can) 


DESCRIPTION ond Nat 
The LF353 - 353A - 353B are high speed J-FET in- 


put dual operational amplifiers incorporating well ee D 
matched, high voltage JN—-FET and bipolar transis- LCOC20 SO8 
tors in a monolithic integrated circuit. (Tricecop LCC ) 


The devices feature high slew rates, low input bias 


and offset currents, and low offset voltage tempe- 
rature coefficient. 


(Plastic micropackage) 


PIN CONNECTIONS (Top views) 


TO99 


1-NC 11-NC 
2 -Output 1 12-Non-inverting input 2 
1 -Qutput 1 3-NC 13-NC 
2-Inverting input 1 4-NC 14-NC 
3-Non-inverting input 1 5 -Inverting input 1 15 - Inverting input 2 
4-Voco 6-NC 16-NC 
5-Non-inverting input 2 7 -Non-inverting input1 17-QOutput2 
6 - Inverting input 2 8-NC 18-NC 
7 - Output 2 9-NC 19-NC 
8- Voc 10-Voc 20-Vec 
December 1988 1/11 
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LF153/A/B - LF253/A/B - LF353/A/B 


ORDER CODES 


Part Number 


LF153GC — 55 °C to + 125 °C LCC 
LF153AGC — 55 °C to + 125 °C LCC 
LF153BGC — 55 °C to + 125 °C LCC 
LF153H — 55 CC to + 125 °C METAL CAN 
LF153AH — 55 °C to + 125 °C METAL CAN 
LF153BH — 55 °C to + 125 °C METAL CAN 
LF253N — 40 °C to + 105 °C 

LF253AN — 40 °C to + 105 °C 

LF253BN — 40 °C to + 105 °C 

LF253D — 40 °C to + 105 °C 

LF253AD — 40 °C to + 105 °C 

LF253BD — 40 °C to + 105 °C 

LF353N 0 °C to + 70 °C 

LF353AN 0 °C to + 70 °C 

LF353BN 0 °C to + 70 °C 

LF353D 0°C to+ 70°C 

LF353AD 0° to+ 70°C 

LF353BD 0 °C to + 70 °C 


ABSOLUTE MAXIMUM RATINGS 


unit 
od Output Short-circuit Duration (note 4) f Infinite 


Operating Free Air Temperature Range 


Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Véc and Véc. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 


— 40 to 105 
— 55 to 125 


CN (7 SGS-THOMSON 
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LF153/A/B - LF253/A/B - LF353/A/B 


SCHEMATIC DIAGRAM 


Non- inverting 
input x 


inverting 
INPUT 


1/2 LF 353 


E88LF353-01 


Non-inverting Inverting 
inputs Inputs 
DIP8 
SO8 seed 3,5 2,6 
TO99 


LCc20 


*LCC20 : Other pins are not connected. 
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LF153/A/B - LF253/A/B - LF353/A/B 


ELECTRICAL CHARACTERISTICS 

Vcc = + 15 V (unless otherwise specified) 
LF153, LF153A, LF153B — 55 < Tamp $+ 125 CT 
LF253, LF153A, LF253B — 40 < Tamp $+ 105 °C 
LF353, LF153A, LF353B O<Tamp<s+ 70 TC 


LF153A, B 


Parameter 


Input Offset Voltage 
Tamb = 25 °C (Rs < 10 kQ) 
LF153B, LF253B, LF353B 
LF153A, LF253A, LF353A 
Timin = Tamb = T max 
LF153B, LF253B, LF353B 
LF153A, LF253A, LF353A 


Input Offset Voltage Drift 


Input Offset Current * 
Tamb = 25 °C 
Timin Ss Tamb = Tmax 


Input Bias Current * 
Tamb = 25 °C 200 
Tmin < Tamb S Tmax 


a 
oO © mo 


oo © na 
oe) =) 
ro) 
i) 
no 
ro) 
Een 
3U 
> > 


— 
Ae] —_— 
eiefs} + & 


Large Signal Voltage Gain 


(RL > 2 kQ, Vo = + 10 V) 

Tamb = 25 °C 

Tmin = Tamb < T max 
Supply voltage Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin s Tamb s T max 
Supply Current, per Amp, no Load 
Tamb = 25 °C 
T min < Tamb < T max 


Input Voltage Range 

Tamb = 25 °C 

T min S Tamb < T max 

CMR | Common Mode Rejection Ratio 

(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin < Tamb < T max 
Output Short-circuit Current 

Tamb = 25 °C 

Tmin $ Tamb Ss T max 
Output Voltage Swing 

Tamb = 25 °C 


m1 no 
oan [o) 


—_hk, 
A 
NM 
on oO 
3 
> 


+ 
—_ 
—_ 
| 
—_ 
— 


oO oa 
=k — 2 ok a ~] 
ine) pe —-hPh — Oo (om) 


70 


10 


T min S Tamb < T max 


Slew-rate (V; = 10 V, R_ =2 kQ) 
C_ < 100 pF, Tamb = 25 °C, unity gain) 


— — A 
[o>] 
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LF153/A/B - LF253/A/B - LF353/A/B 


ELECTRICAL CHARACTERISTICS (continued) 


LF153A, B 
LF253A, B 
Symbol Parameter LF353A, B 
| Min. | Typ. | Max. | Min. | Typ. | Max. | 
te Time us 
= 20 mV, Ri =2 kQ) 
- = 100pF, Tamp = 25 a unity Gain 0.1 0.1 
Overshoot (V, = 20 mV, Rr = 2 kQ % 
C. < 100 pF, Tamb = 25 °C, unity gain) 10 10 
Gain Bandwidth Product 
(f = 100 KHz, Tamb = 25 °C 
Vin = 10 mV, Ry = 2 kQ, Cr = 100 pF) 3.3 4.0 5.0 3.3 4.0 5.0 


THD | Total Harmonic Distortion 
(f = 1 kHz, Ay= 20 dB, Ry =2 kQ 
CL < 100 pF, Teamb =25 oC. Vo 2 Vpp) 0.01 0.01 
Equivalent Input Noise Voltage nV/VHz 
(f = 1 kHz, a 15 15 
[Phase Margin Pas | | 45 | [Degrees | 


et | Channel Separation 
Avg = 100, Tamb = 25 °C 120 120 
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LF153/A/B - LF253/A/B - LF353/A/B 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


AR a2 
Hh Tamb = + 25° 


HA A 
Bi eee 
Hi iil We 


RCH iV Th i 
TTT OT TTT LU 


I 
BNO AN AN iM ni it Mt 


) 
100 tk 10k 100k 1M 10M . 100 Tk Wk 100k %%M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 


E88LF353-02 E88LF353-03 


15}4 


VOLTAGE (V)} 
on 


10 


ie 


MAXIMUM PEAK TO PEAK OUTPUT 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 
30 


Vcc= +15 V 
Ry =2 kf} 
See figure 2 


25 


100 k Bas, 1 1M 
o FREQUENCY (Hz) 


E88LF353-04 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 
rr 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


°o 
= 
S 


M 10M ~75 -50 -25 0 25 SO 75 100 125 
TEMPERATURE (°C) 
E88LF353-05 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 


RESISTANCE VOLTAGE 

K - 
2 pill 2 
im il | E 
5 2 
¥ 

oe Hh sy 
a5 mes 
ot “A og 
- g Faq 
ve YE 
q- {J 
wo wi O 
a> = > 
= = 
a < 
= oO = 

01 0.2 0.4 O.7 1 4 7 #10 0 2 4 6 8 10 12 14 16 
LOAD BECISTANCE (k2) SUPPLY VOLTAGE (V) 
E88LF353-06 E88LF353-07 
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DIFFERENTIAL VOLTAGE 
INPUT BIAS CURRENT (nA) 


AMPLIFICATION (V/mvV) 


SUPPLY CURRENT (mA) 


LF153/A/B - LF253/A/B - LF353/A/B 


LARGE SIGNAL DIFFERENTIAL 
INPUT BIAS CURRENT VERSUS VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE FREE-AIR VTE cee 
000 


—_ 


DIFFERENTIAL VOLTAGE AMPLI— 
FICATION (V/mvV) 


1 
“50-25 0 2 50 75 «(100 125 -75 -80 -25 0 25 SO 75 100 125 


TEMPERATURE (°C) TEMPERATURE (°C) 
E88LF353-08 E88LF353-09 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND TOTAL POWER DISSIPATION VERSUS 
PHASE SHIFT VERSUS FREQUENCY FREE-AIR TEMPERATURE 


106 — -> 
Vcec= t5 V to +15 V = 
109 eS R, =10 kQ E 
ea -_ 
104 DIFFERENTIAL re) . q 
VOLTAGE = a 
3 AMPLIFICATION = Hy 
10 (left scale) 4s = m= 
| tc cc 
eas so = = 
| ,!C«*é 
PHASE SHIFT us 
10! (right scale) 135 @ z 
' rz fj 
oo i oa O 
180 - 
1 10 4100 1k 10k 100k 1M 10M -715 -80 25 0 25 50 75 100 125 
°o 
FREQUENCY (Hz) E88LF353-10 TEMPERATURE ( ee 
a 
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE VERSUS SUPPLY VOLTAGE 


TT recs 


: ay No signal 
1.6 sas Ca No load z 
ee £ 
-. 
i ae 5 
ae x 
5 
08 gy 
> 
0.6 me 
a. 
04 a 
02 
-75 -55 -25 0 2 SO 75 100 125 0] 2 4 6 8 10 12 14 16 
TEMPERATURE (°C) SUPPLY VOLTAGE (Vv) 
E88LF353-12 E88LF353-13 
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VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 


LF153/A/B - LF253/A/B - LF353/A/B 
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FREQUENCY (Hz) 
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LF153/A/B - LF253/A/B - LF353/A/B 


TYPICAL APPLICATION 
QUADRATURE OSCILLATOR 


1N 4148 


O6 cos wt 


88.4 Ko | 


1N 4148 


E88LF353-19 


These resistor values may be adjusted for a symmetrical output. 


PARAMETER MEASUREMENT INFORMATION 2 
Figure 1 : Voltage Follower. Figure 2 : Gain-of-10 Inverting Amplifier. 


E88LF353-20 EB8LF353-21 
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LF153/A/B - LF253/A/B - LF353/A/B 


PACKAGE MECHANICAL DATA 
20 PINS — TRICECOP (LCC) 


1,86 max. 


8 PINS — PLASTIC DIP 


(1) Nominal dimension 


(2) Exact geometrical dimension 
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LF153/A/B - LF253/A/B - LF353/A/B 


8 PINS — PLASTIC MICROPACKAGE (SO) 


TO99 — METAL CAN 


1.27 max. 


12,7 min. 
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ky, SGS-THOMSON LF195 
7 iicroeecrromes LF156-LF157 


J-FET INPUT SINGLE OPERATIONAL AMPLIFIERS 


» REPLACE HYBRID AND MODULE FET OP 
AMPs. RUGGED J-FETs ALLOW BLOW-OUT 
FREE HANDLING COMPARED WITH MOSFET 
INPUT DEVICES 

a» EXCELLENT FOR LOW NOISE APPLICATIONS 
USING EITHER HIGH OR LOW SOURCE IMPE- 
DANCE VERY LOW I/F CORNER 


- DIP8 

s OFFSET VOLTAGE ADJUST DOES NOT DE- | 
GRADE DRIFT OR COMMON-MODE REJEC- Metalcany) eFiastIe/paeke0e) 
TION AS IN MOST MONOLITHIC AMPLIFIERS ee 

« NEW OUTPUT STAGE ALLOWS USE OF So SP 
LARGE CAPACITIVE LOADS (10 000 pF) WI- vats! 
THOUT STABILITY PROBLEMS - . 

» INTERNAL COMPENSATION AND LARGE too an 


DIFFERENTIAL INPUT VOLTAGE CAPABILITY 
TYPICAL APPLICATIONS 
» PRECISION HIGH SPEED INTEGRATORS 
s FAST D/A AND A/D CONVERTERS 
a HIGH IMPEDANCE BUFFERS PIN CONNECTIONS (Top views) 
» WIDEBAND, LOW NOISE, LOW DRIFT AMPLI- 

FIERS TO-99 
a LOGARITHMIC AMPIFIERS 
a PHOTOCELL AMPLIFIES 
n SAMPLE AND HOLD CIRCUITS 


(Tricecop - LCC) (Plastic micropackage) 


DESCRIPTION 


These circuits are monolithic J-FET input operatio- 
nal amplifiers incorporating well matched high vol- 
tage J-FETs on the same chip with standard bipolar 
transistors. 


These amplifiers feature low input bias and offset “Offset nul eae 
currents, low input offset voltage and input offset inant, dea 7-Vic 
voltage drift, coupled with offset adjust which does Veo. eee 8-NC 


not degrade drift or common-jode rejection. 

The devices are also designed for high, slew rate, 
wide bandwidth, extremely fast settling time, low 
voltage and current noise and a low I/f noise corner. 


3 22019 
18 


17 
16 


ORDER CODES 7 


14 
a once 


-NC 910111213 -NC 
Offset null - Offset null 
peas /LFS56, 0°C to + 70°C 
LFS5S/L F256 = 40 °C to + 105 °C 
Note : Hi-Rel versions available 
Examples : LF355 N, LF155 H 


LF155/LF156 } © 
December 1988 1/14 


- Inverting input 
-NC 
-Non-inverting input 


OOON ODO OAPAN 
ot o4 to 4 


—_ 


LF155-LF156-LF157 


MAXIMUM RATINGS 


[wen evo ee eee 
[| output shortateut buraton | Contrwoue | Gontnuove | Continuous | 
Pin | Power Disspaton SCS 


SCHEMATIC DIAGRAM 


A 
A 
A 


Non-inverting 
input ai 


| | Vec 


E88LF155-01 
inverting Non-inverting 2 + 
Input Input Vcc Vee 
DIP8 
1,5 
tcczoo, | 2 | os | ST tT tts 


*LCC20 : Other pins are not connected. 
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LF155-LF156-LF157 


ELECTRICAL CHARACTERISTICS 


LF155, LF156, LF157 *- 55 'C Ss Tamb $+ 125 ‘°C, + 15V Ss Voc s + 20V (note 3) 
LF155A, LF156A, LF157A :-55 ‘CS Tamp $+ 125 'C, +15V s Vocst 20V (note 3) 
LF255, LF256, LF257 :- 40 °C Ss Tamb $+ 105°C, +15V s Vocs + 20V (note 3) 
(Unless otherwise specified). 


cones MAIN 


Vio Input Offset voted (Rs = 50 Q) 
Tamb =.+ 2 

Tmin s Tamb s T max LF155, LF156, LF157 

LF255, LF256, LF257 


pel ibang e Current (note 5) 
= + 
1 S$ Tmax LF155, LF156, LF157 


Am | LF255, LF156, LF257 
Input Bias Current (note 5) 
5 °C 


LF155, LF156, LF167 
LF255, LF256, LF257 | LFIS5A, 156A, 157A $878 unt 


| Min. | Typ. | Max. | Min. | Typ. | Max. | 


Tj) = + 
7 S Tmax LF155, LF156, LF157 
LF255, LF256, LF257 


Avo Large Signal Voltage Gain 
(Vec = £15 V, Vopp = +10 V, Ry = 20 KQ) 
Tamb = + 25 °C 
Tmin S Tamb S$ Tmax 


| SVR_| Supply Voltage Rejection Ratio (note 6) Ss | 85_| 100 | | 85_| 100 | 


loc Supply Current ( Voc = + 15 V, Tamp = + 25 °C) 
LF155, LF255 
LF156, LF256 
LF157, > | 


Hag Coefficient of Input Offset Voltage Pavre 


GBp 

vo 
C\ 
Vn 


Equivalent Input Noise Voltage 
Voc = +15 V, Tamb = + 25°C, Rg = 100 Q) 

f = 1000 Hz LF155 

LF255 

LF156, LF157 

LF256, LF257 

f = 100 Hz LF155 


Rs = 50 Q) - Note 4 
aVioNio ae in pee Temperature Coefficient Rental 
ae M9 a djust per mV 
0.5 
ae =n wien Range (Vcc = + 15 V) Eos a o ea ae 
= = 12 
Common-mode Rejection Rati Sete 
Vopp rie nenee Swing (Vcc = + 15 V) V 
#12 + 13 +12 +13 
AL 2 KO. + 10 +12 + 10 +12 
Gain-bandwidth Product 
(Voc = + 15 V, Tamb = + 25°C) LF155, LF255 
LF156, LF256 
LF157, LF257 
S) A Rate (Voc = + 15 V, Tamb = + 25 °C) 
Ay = 1 LF155, LF255 
LF156, LF256 
Ay =5 LF157, LF257 
| Fi __|_Input Resistance (T, = + 25 °C) aa Ee aaa ea IT SL a (ee 
[or | input Capacitance (Voo=215 Vi Taw =225°)| | 3 | | | 3 | | oF 
nV/VHz 
20 
15 
25 
LF255 
LF156, LF157 15 
LF256, LF257 
Equivalent Input Noise Current 
(Veo = # 18 Vs Tamp = + 25 °C, f= 100 He oF pANH2 
f = 1000 Hz) 0.01 0.01 
Settling Time (Voc = + 15 V, Tamb = + 25 °C) - 
Note 7 
LF155, LF255 
LF156, LF256 
LF157, LF257 
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LF155-LF156-LF157 


ELECTRICAL CHARACTERISTICS 


LF355, LF356, LF357 > 0°C Ss Tamb $ + 70°C, Voc =+15V 
LF355A, LF356A, LF357A :0°C< Tamb < + 70°C, +15V < Vcc < + 18V (note 3) 
(Unless otherwise specified). 


Symbol 


LF355, LF356, LF357 | LF355A, 356A, 357A 


Parameter 


Input Offset pelle e (Rs = 50 Q) 


Tamb = + 2 
Tmin <T amb S$ Tmax 


net oie Current (note 5) 
°C 3 50 3 10 pA 
t < 0 °C 2 1 nA 
net kasi em (note 5) 
°C 30 200 30 pA 
r = i 0 °C 8 nA 


Large Signal Voltage Gain 
(Vcc = + 15 Vopp = + 10V, RL = 2 KQ) 


. Ra 
V, 

°C 200 50 200 

Tmin < Ta mb < Nee 15 25 


Tamb =-+ 25 


VR Supply Voltage Rejection Ratio (note 6) 


Supply Current (Vcc = + 15 V, Tamb = + 25 °C) 
LF355 
LF356, LF357 


a Vio eso oO) Coefficient of Input Offset Voltage 
Rs = 50 Q) - Note 4 


ee tee eee 
aVioNio ae ge in Average Temperature Coefficient pV/°C 
with V 19, fa oust per mV 
0.5 0.5 
: 
+12 
+40 


ate) an re Range (Vcc = + 15 V) 


Common-mode Rejection Ratio 


a ge Eee Swing (Vcc = + 15 V) 
a = 2KQ 


Gain-bandwidth Product 
(Veco =+15V, Tamb = + 25 °C) 


LF355 


Slew Rate (Vcc = + 15 V, Tamb = + 25 °C) 

Ay = 1 LF355 
LF356 
LF357 


2S 


A 
| Input Resistance (T)=+ 25°C) | Cf tot? TT tot? To 
input Capacitance (Voc = #15 V, Tan =+25°O)| | 3 || | 3 || oF _| 


Equivalent Input Noise Voltage nV/VHz 
(Voc = + 15 V, Tamb = + 25 °C, Rg = 1002) 
f = 1000 Hz LF355 20 20 
LF356, LF357 Me oe 
f = 100 Hz LF355 
LF356, LF357 


Equivalent Input Noise Current pA/VHz 
(Vcc = + 15 V, Tamb = + 25 °C, f = 100 Hz 
or f = 1000 Hz) 
5 4 4 
1.5 1.5 


Settling Time (Vcc = + 15 V, Tamb = + 25 °C) 
Note 7 


LF35 
LF356, LF357 
Notes : 1. The CB package must be derated based on a thermal resistance of 150 °C/W junction ambient or 45 °C/W junction to case ; for the 
DIP package, the device must be derated based on thermal resistance of 175 °C/W junction to ambient. 
2. Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
3. Forthe LF155, A, LF156, A, LF157, A these specifications apply fort 15 < Vec $ +20 V,—55 °C < Tam S$ + 125 °C and Thigh =+ 125 °C 
unless otherwise stated. 
For the LF255, A, LF256, A, LF257, A these specifications apply for + 15 V s Vcc $+ 20 V, — 40 °C S Tamb S$ + 105 °C and Thigh = 
+ 105 °C unless otherwise stated. 
For the LF355, A, LF356, A, LF357, A these specifications apply for+ 15 V<s VCC s+ 20 V, 0°C < Tam S$ + 70 °C and Thigh = + 70°C, 
unless otherwise stated. 
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Notes: 4. 


LF155-LF156-LF157 


The temperature coefficient of the adjusted input offset voltage changes only a small amount (0.5 .V/°C typically) for each mV of 
adjustment from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset ad- 
justment. 


. The input bias currents are junction leakage currents which approximately double for every 10 °C increase in the junction tempera- 


ture T, Due to limited production test time, the input bias current measured is correlated to junction temperature. 

In a normal operation the junction temperature rises above the ambient temperature as a result of internal power dissipation, 
Ptot-T, = Tamb + Riny-ay X Prot where Rina) is the thermal resistance from junction to ambient Use of a heatsink is recommended if 
input Currents are to be kept to a minimum. 


. Supply voltage rejection is measured for both supply magnitudes increasing or decreasing simultaneous, in accordance with com- 


mon practice. 


. Settling time is defined here, for a unity gain inverter connection using 2 kQ resistors for the LF 155, LF156 series. It is the time re- 


quired for the error voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01 % of its final value from the 
time a 10 V step input is applied to the inverter. For the LF157 series Av = - 5, the feedback resistor from output to input is 2kQ and 


the output step is 10 V. 


APPLICATION HINTS 


The LF155, LF156, LF157 series are op amps with 
J-FET input devices. These JFETs have large re- 
verse breakdown voltages from gate to source or 
drain eliminating the need of clamps across the in- 
puts. Therefore large differential input voltages can 
easily be accommodated without a large increase of 
input currents. The maximum differential input volt- 
age is independent of the supply voltage. However, 
neither of the negative input voltages should be allo- 
wed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 


Exceeding the negative common-mode limit on ei- 
ther input will cause a reversal of the phase to the 
output and force the amplifier output to the corre- 
sponding high or low state. Exceeding the negative 
common-mode limit on both inputs will force the am- 
plifier output to a high state. In neither case does a 
latch occur since raising the input back within the 
common-mode range again puts the input stage and 
thus the amplifier in a normal operating mode. 


Exceeding the positive common-mode limit on a sin- 
gle input will not change the phase of the output ho- 
wever, if both inputs exceed the limit, the output of 
the amplifier will be forced to a high state. 


These amplifiers will operate with the common-mode 
input voltage equal to the positive supply. In fact, the 
common-mode voltage can exceed the positive sup- 
ply by approximately 100 mV independent of supply 
voltage and over the full operating temperature 
range. The positive suplly can therefore be used as 
a reference on an input as, for example, in a supply 
current monitor and/or limiter. 


Precautions should be taken to ensure that the po- 
wer supply for the integrated circuit never becomes 


reversed in polarity or that the unit is not inadvertent- 
ly metalled backwards in a socket as an unilimited 
current surge through the resulting forward diode wi- 
thin the IC could cause fusing of the internal conduc- 
tors and result in a destroyed unit. 


Because these amplifiers are JFET ratherthan MOS- 
FET input op amps they do not require special han- 
dling. 

All of the bias currents in these amplifiers are set by 
FET current sources. The drain currents for the am- 
plifiers are therefore essentially independent of sup- 
ply voltages. 


As with most amplifiers, care should be taken with 
lead dress, components placement and supply de- 
coupling in order to ensure stability. For example, re- 
sistors from the output to an input should be placed 
with the body close to the input to minimiz "pickup" 
and maximize the frequency of the feedback pole by 
minimizing the capacitance from the input to ground. 


A feedback pole is created when the feedback 
around any amplifier is resistive. The parallel resi- 
stance and capacitance from the input of the device 
(usually the inverting input) to ac ground set the fre- 
quency of the pole. In many instances the frequency 
of this pole is much greater than the expected 3 dB 
frequency of the closed loop gain and consequently 
there is negligible effect on stability margin. Howe- 
ver, if the feedback pole is less than approximately 
six time the expected 3 dB frequency a lead capaci- 
tor should be placed from the output to the input of 
the op amp. The value of that added capacitor should 
be such that the RC time constant of this capacitor 
and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 
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LF155-LF156-LF157 


TYPICAL CIRCUITS 
Vio ADJUSTMENT DRIVING CAPACITIVE LOADS 


-2V 
R* -5 kf LF155, LF156 
R®* = 1.25 kQ LF157 


E88LF155-02 E88LF155-03 
Vio is adjusted with a 25 kQ potentiometer. The potentiometer wiper Due to a unique output stage design these amplifiers have the abili- 
is connected to Vcc. ty to drive large capacitive loads ans still maintain stability. 
* CB-11, CB-98 pin configuration. Ci (max) = 0.01 pF 
Overshoot < 20% 


Settling time (ts) = 5 us 


LARGE POWER BW AMPLIFIER SETTLING TIME TEST CIRCUIT 


E88LF155-04 E88LF155-05 
For distortion < 1% and a 20 Vpp Vo swing, power bandwidth is : Settling time is tested with the LF155, LF156 connected as unity 
500 kHz. gain converter R | = 2 kQ and LF157 connected for Ay = — 5, 
Ri=0.4 kQ. 
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LF155-LF156-LF157 


TYPICAL CHARACTERISTICS 
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LF155-LF156-LF157 


TYPICAL CHARACTERISTICS (continued) 


NEGATIVE OUTPUT VOLTAGE SWING (V) 


POSITIVE COMMON-MODE 
INPUT VOLTAGE LIMIT (V) 


OPEN LOOP VOLTAGE GAIN (V) 


8/14 
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MAXIMUM NEGATIVE CURRENT 


0 5 10 15 20 25 30 35 


OUTPUT SINK CURRENT (mA) 
E88LF155-12 


MAXIMUM POSITIVE COMMON-MODE 
INPUT VOLTAGE 


POSITIVE SUPPLY VOLTAGE (V) 
E88LF 155-14 


OPEN LOOP VOLTAGE GAIN 


SUPPLY VOLTAGE (+V) 


E88LF 155-16 


NEGATIVE COMMON-MODE POSITIVE OUTPUT VOLTAGE SWING (V) 
INPUT VOLTAGE LIMIT (V) 


_ PEAK-TO-PEAK OUTPUT SWING (V) 


MAXIMUM POSITIVE CURRENT 


0 5 10 15 20 25 30 35 40 


OUTPUT SOURCE CURRENT (mA) 
E88LF155-13 


MAXIMUM NEGATIVE COMMON-MODE 
INPUT VOLTAGE 


—5 —10 —15 —20 
NEGATIVE SUPPLY VOLTAGE (V 


E88LF155-15 


OUTPUT VOLTAGE SWING 


OUTPUT LOAD R, (ka) 


E88LF155-17 
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LF155-LF156-LF157 


TYPICAL CHARACTERISTICS (continued) 


SMALL SIGNAL PULSE RESPONSE LARGE SIGNAL PULSE RESPONSE 


cc Sen 
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OUTPUT VOLTAGE SWING (5 V/DIV) 


OUTPUT VOLTAGE SWING (50 mV/DIV) 


E88LF155-19 


SMALL SIGNAL PULSE RESPONSE LARGE SIGNAL PULSE RESPONSE 
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Yi | | ty 
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OUTPUT VOLTAGE SWING (6 V/DIV) 


OUTPUT VOLTAGE SWING (80 mV/DIV) 


TIME (0.5 us/DIV) TIME (1 2s/DIV) 
E88LF155-20 E88LF155-21 


SMALL SIGNAL PULSE RESPONSE : LARGE SIGNAL PULSE RESPONSE 
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LF155-LF156-LF157 


TYPICAL CHARACTERISTICS (continued) 


NORMALIZED SLEW RATE (V/xs) GAIN BANDWIDTH PRODUCT (MHz) 


OUTPUT VOLTAGE SWING 
FROM 0 V (V) 
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GAIN BANDWIDTH PRODUCT 


—55 —15 2 105 
AMBIENT TEMPERATURE (°C) 


NORMALIZED SLEW RATE 


TEMPERATURE (°C) 


INVERTER SETTLING TIME 


Vcc 
Tamb = +25°C 


SETTLING TIME (us) 


ky 


E88LF155-24 


E88LF155-26 


E88LF155-28 


UNITY GAIN BANDWIDTH PRODUCT (MHz) 
FROM 0 V (V) 


OUTPUT VOLTAGE SWING 


OPEN LOOP VOLTAGE GAIN (dB) 


GAIN BANDWIDTH PRODUCT 


LF157 curves identical but x 4 


-55 -15 25 65 105 


AMBIENT TEMPERATURE (°C) 
E88LF155-25 


INVERTER SETTLING TIME 


SETTLING TIME (ys) 
E88LF155-27 


OPEN LOOP FREQUENCY RESPONSE 


FREQUENCY (Hz) 
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LF155-LF156-LF157 


TYPICAL CHARACTERISTICS (continued) 


BODE PLOT POWER SUPPLY REJECTION RATIO 
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LF155-LF156-LF157 


TYPICAL CHARACTERISTICS (continued) 


EQUIVALENT INPUT NOISE VOLTAGE (n V/VHz) EQUIVALENT INPUT NOISE VOLTAGE (nV/VHz) 


PEAK TO PEAK OUTPUT VOLTAGE SWING (V) 
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EQUIVALENT INPUT NOISE VOLTAGE 
(EXPANDED SCALE ) 


10 10 10° 10° 
FREQUENCY (Hz) 
E88LF155-36 


100k 


EQUIVALENT INPUT NOISE VOLTAGE 
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OUTPUT IMPEDANCE (2) OUTPUT IMPEDANCE (0) 


OUTPUT IMPEDANCE (2) 
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OUTPUT IMPEDANCE 


Vcc = t15V | 


On WO eet: qEUED GED a wees 


7 aii 


Bizece =e eDcct:: Zi 1 =<e ae ae eee 
EE bt bt 
Me EOcees amemeee |» a PEE ow mw wees: 
aces: —- eee ——+ © J. Cee Pe ae mw wwses 


een 
Shall 
iN" P Getiae 


10 10 10° 10 
FREQUENCY (Hz) 
E88LF 155-37 


OUTPUT IMPEDANCE 
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LF155-LF156-LF157 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


{1) Nominal dimension 
(2) Exact geometrical dimension 


renee 


§ Outputs 
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LF155-LF156-LF157 


T0-99 — METAL CAN 


12,7 min. 


POuteute 


20 PINS — TRICECOP (LCC) 


1.86 max. 


20 Outputs 


14/14 
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LM101A-LM201A 
LM301A 


SINGLE OPERATIONAL AMPLIFIERS 


a INPUT OFFSET VOLTAGE 0.2 mV 
a INPUT BIAS CURRENT 25 nA 
a INPUT OFFSET CURRENT 1.5nA | 2nA 
a SLEW RATE AS INVERTING 

AMPLIFIER 10 V/us | 10 V/us 


DESCRIPTION 


The LM101A is a general-purpose operational am- 
plifier. This amplifier offers many features : supply 
voltages from + 5 V to +20 V, low current drain, 
overload protection on the input and output, no 
latch-up when the common-mode range is excee- 
ded, freedom from oscillations and compensation 
with a single 30 pF capacitor. It has advantages over 
internally compensated amplifiers in that the com- 
pensation can be tailored to the particular applica- 
tion : slew rates of 10 V/us and bandwidths of 
3.5 MHz can be easily achieved. In addition, the cir- 
cuit can be used as a comparator with differential in- 
puts up to + 30 V. The output can be clamped at any 
desired level to make it compatible with logic circuits. 


PIN CONNECTIONS (top views) 


DIP8/CERDIP8 


- NC 
- Balance compensation 4 
NC 


- NC 


GC 
LCC20 
(Tricecop (LCC)) 


wih 


D 
DIP8 SO8 
(Plastic Package) (Plastic Micropackage) 
J 


CERDIP8 
(Cerdip Package) 


ORDER CODES 


Part Temperature 
Number Range fH |N| J iac]D_ 


LM101A| — 55 to + 125 °C 
Be -— 40 to +105 °C 
M301A; Oto+70°C 


Note : Hi-Rel Versions Available 
Examples : LM101AH, LM201AN 


- NC 
- Balance 
- NC 


1 
9 10 11 12 13 


- Inverting input 
- NC 


- Balance compensation 1 - Balance 

- Inverting input - Output 

- Non-inverting input - Vic 

- Vec - Compensation 2 


December 1988 


- Non-inverting input 
- NC 
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LM101A-LM201A-LM301A 


ABSOLUTE MAXIMUM RATINGS 


Value 
Symbol Parameter 
LM101A LM201A LM301A 


Supply Voltage x 
Ee 
Power Dissipation NJ.H. Suffix 500 500 500 mW 
GC Suffix 665 
300 300 
Storage Temperature Range — 65 to + 150|- 65 to + 150|- 65 to + 150 
SCHEMATIC DIAGRAM 


V 
Input Voltage V 
| Toper_| °c 


a . ecg ‘ Indefinite for 
Output Short-circuit Duration Indefinite for Tamp = + 70 °C Tesncseaoc 
Toper | Operating Free-air Temperature Range —55to+125!-—40to+105; Oto+70 


+ 
Vec 


Balance/Compensation 1 4) || || Compensation 2 


Inverting input ee) 


Non-inygrting 
input el 


E88LM101-01 
Non- 
inverting Voc Véc Balance 
Input 


tea 


a es ae 
[Re a | a a ae 
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TO99 


DIP8 


Balance’ | Inverting 
CERDIP8 
SO8 


oe ae eee 
pte 
jkcczoe | 2 | 


* LCC20 : Other pins not connected. 


LVM101A-LM201A-LM301A 


ELECTRICAL CHARACTERISTICS 


LM301A:) 0 C<Tamp <+ 70°C, +5 VS Voc $+ 20 V, C1 = 30 pF 
LM201A > —40 C < Tam < + 105 °C, £5 VS Voc S20 V, C1 = 30 pF 
LM101A : —55 °C <Tamp < + 125 °C, £5 V< Voc $ +20 V, C1 = 30 pF 


* => Voc =+15V 
(unless otherwise specified) 


Input Offset Voltage (Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S$ Tamb = T max 
Input Bias Current 
Tamb = 25 °C 
Tin = Tamb = Tmax 
Input Offset Current nA 
Tamb = 25 °C i 20 
Tmin S Tamb < Tmax 40 
Large Signal Voltage Gain * V/imV 
(Vo =£ 10 V, Ry, =2 kQ) 
Tamb = 25 °C 
Tmin S$ Tamb = Tmax 
SVR Supply Voltage Rejection Ratio 
(Rs <= 10 kQ) 
Tamb = 25 °C 
Tmin s Tamb S Tmax 
Supply Current no Load 
Tamb = 25 °C 
Tmin S$ Tamb < Tmax 
Input Voltage Range (Vcc =+ 20 V) 
Tamb = 25 °C 
Tmin S$ Tamb = Tmax 
Common Mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
T min = Tamb Ss T max 


Output Short-circuit Current * 
Tamb = 25 °C 10 30 30 50 


Output Voltage Swing * 
Tamb = 25 °C 12 14 14 
10 13 13 
Tmin < Tamb < Tmax 12 


Pirin. [ Typ. [Max. | Min. [ Typ. [Wax 
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LM101A-LM201A-LM301A 


ELECTRICAL CHARACTERISTICS (continued) 


Min. | Typ. | Max. | Min. | Typ. [Max. 


Rise Time 


(Vj =+ 20 mV, Ry =2 kQ, C_ s 100 pF, 
Tamb = 25 °C, unity gain) * 


Overshoot (V; = 20 mV, RL =2 kQ, CL < 100 pF, pit tt te 
Tamb = 25 °C, unity gain) 

—- Input Impedance, Tams = 25 °C * 1.5 Je 
Fo Output Resistance, Tamp = 25 °C * 75 ra aa ae ae Se Q 


Gain Bandwidth Product * MHz 
(Vj =10 mV, RL = 2 KQ, CL s 100 pF, 
f = 100 kHz, Tamb = 25 °C) 


Slew Rate (V; =+ 10 V, Ry, =2 kQ,C, < 100 pF, Vius 
Tamb = 25 °C, unity gain) * (note 1) 


Total Harmonic Distortion * 


(f=1 kHz, Ay =20 dB, Rx =2 kQ, Vo =2 Vpp 


C. < 100 pF, Tamb = 25 °C ) 0.015 0.015 
Equivalent Input Noise Voltage nV/VHz 
(f = 1 kHz, Rg = 100 Q) * 
DVio Input Offset Voltage Drift | A eiltaetht chaeseem eee nee 
T min s T amb s T max 15 


Input Offset Current Drift pA/°C 
25 °C S$ Tamp S Tmax 10 100 10 100 
T min S$ Tamb < 25 °C 20 200 20 200 


INPUT VOLTAGE RANGE 


S 
4H 
Ww Ss 
© +H 
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< 1] 
=< 
G z 
: : 
S - 
- > 
5 ro) 
o. 
z 
SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) 
£88LM101-02 E88LM101-03 


Note: 1. May be improved up to 10V/us in inverting amplifier configuration (see basic diagram). 
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LM101A-LM201A-LM301A 


VOLTAGE GAIN SUPPLY CURRENT 
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E88LM101-06 E88LM101-07 
SINGLE POLE COMPENSATION FEED FORWARD COMPENSATION 
OPEN LOOP FREQUENCY RESPONSE OPEN LOOP FREQUENCY RESPONSE 
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LM101A-LM201A-LM301A 


SINGLE POLE COMPENSATION FEED FORWARD COMPENSATION 
LARGE SIGNAL FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY RESPONSE 
Vec= +15 V 
= Tamb = + 25°C > 
S rf 
oe 4H 
— © 
U) = 
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LM1071A-LM201A-LM301A 


BASIC DIAGRAMS 
BALANCING CIRCUIT ALTERNATE BALANCING CIRCUIT 


E88LM101-17 


Ore 
~ 29 fy R2 
f~3 MHz 
E88LM101-19 


R1 : protects input 

R4 : protects output 

R65 : protects output. Not needed when R4 
is used 


Output 


E88LM101-21 
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LM101A-LM201A-LM301A 


BASIC DIAGRAMS (continued) 
ISOLATING LARGE CAPACITIVE LOADS 


E88LM101-22 


VOLTAGE COMPARATOR FOR DRIVING RTL LOGIC OR HIGH CURRENT DRIVER 


LM 
101A. -—O.:sOOutput 
+} 


BZX 83 
C3V9 


E88LM101-23 


TYPICAL APPLICATIONS 


SIMULATED INDUCTOR FAST INVERTING AMPLIFIER WITH HIGH IN- 
PUT IMPEDANCE 


Output 
L 2>R1 R2 C1 


Rs =R2 


E88LM101-25 


E88LM101-24 


OMe {7 SGS-THOMSON 
SIF imieRorLectRomcs 
412 


LM101A-LM201A-LM301A 


TYPICAL APPLICATIONS (continued) 
SINE WAVE OSCILLATOR 


Sine output 


Cosine output 


E88LM101-26 


FAST AC/DC CONVERTER 


Less than 1% error to 100 kHz E88LM101-27 


INSTRUMENTATION AMPLIFIER 
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LM101A-LM201A-LM301A 


TYPICAL APPLICATIONS (continued) 
VARIABLE CAPACITANCE MULTIPLIER 


E88LM101-30 


Luw impedance output 


Clamped output 


R2 1 Mi 
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FAST HALF WAVE RECTIFIER 


1N4148 
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LM101A-LM201A-LM301A 


PACKAGE MECHANICAL DATA 
8 PINS — METAL CAN TO99 


12,7 min. 


20 PINS — TRICECOP (LCC) 


1,86 max. 


Ky SGS-THOMSON, 
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LM101A-LM201A-LM301A 


PACKAGE. MECHANICAL DATA (continued) 
8 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


635 (1) (2) True geometrical position 
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LM108,A-LM208,A 
LM308,A 


PRECISION SINGLE OPERATIONAL AMPLIFIERS 


Outstanding characteristics of LM108A : 

a INPUT OFFSET VOLTAGE : 0.5 mV MAXIMUM 

a INPUT BIAS CURRENT :3nAMAXIMUM OVER 
FULL TEMPERATURE RANGE 

a INPUT OFFSET CURRENT : 0.4 nA MAXIMUM 
OVER FULL TEMPERATURE RANGE 

m» POWER SUPPLY CURRENT : 600 pA 
MAXIMUM 

a GUARANTEED DRIFT CHARACTERISTICS 

a SLEW RATE OF 10 V/us AS INVERTING 
AMPLIFIER 


DESCRIPTION 


The LM108,A is a precision operational amplifier ha- 
ving specifications a factor ten better than FET am- 
plifiers overa—55 °C to + 125 °C temperature range. 
Selected units are available with offset voltages less 
than 1 mV and drifts less than 5 uV/°C. This makes 
it possible to eliminate offset adjustments, in most 
cases. 


The device operates with supply voltages from + 2 V 
to + 20 V (LM308 : +2 V to+ 15 V) and has suffi- 
cient supply rejection to use unregulated supplies. 
Although the circuit is interchangeable with and 
uses the same compensation as the LM101A, anal- 
ternate compensation scheme can be used to make 
it particularly insensitive to power supply noise and 
to make supply bypass capacitors unnecessary. 


PIN CONNECTIONS (top views) 


DIP8 
CERDIP8 


we 


GC 
LCC20 
(Tricecop (LCC)) 


Nt 


N D 
DIP8 SO8 
(Plastic Package) (Plastic Micropackage) 
J 


(Metal Can) 


CERDIP8 
(Cerdip Package) 


ORDER CODES 


E-% Temperature 
E-% Range fH | J|N [Gc|D_ 


LM108,A | -— 55 to + 125 °C 
LM208,A | — 40 to + 105 °C 
LM308,A;} 0Oto+70°C 


Note : Hi-Rel Versions Available 
Examples : LM108H, LMi108AH, LM308N 


1- NC 


- Frequency compensation 
- Inverting input 

- Non-inverting input 

- Vec 


December 1988 


- NC 
- Inverting input 
- NC 


- Frequency compensation 10- 


- Frequency 


compensation 
-NC 


9 10 11 12 13 


- Non-inverting input 
- NC 


- Frequency 


E88LM108-02 compensation 
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LM108,A-LM208,A-LM308,A 


ABSOLUTE MAXIMUM RATINGS 


Vs 


Prot Power Dissipation 500 500 500 mW 
LM108GC, LM1i08AGC 665 


Output Short-circuit Duration Indefinite Indefinite Indefinite he 
Toper | Operating Free-air Temperature Range —55to+125}-40to+105| Oto+ 70 
Tstg | Storage Temperature Range —~ 65 to + 150|-— 65 to + 150|— 65 to + 125 


Notes: 1. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will 
flow if a differential input voltage in excess of 1 V is applied between the inputs unless some limiting resis- 
tance is used. 

2. For supply voltages less than + 15 V, the absolute maximum input voltage is equel to the supply voltage. 


SCHEMATIC DIAGRAM 


Compensation Compensation 


Inverting 
input 


Non-inverting 
input 


; Non- 
Frequency] Inverting | . , 
Case Compens. Input inverting 
Input 
8 2 


3 


TOS9/SO8 
DIP 1, 
CERDIP 


*LCC 20: Other pins are not connected. 
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LM108,A-LM208,A-LM308,A 


ELECTRICAL CHARACTERISTICS 


LM308A : OC <Tam<t+ 70T Cy =383pF +45<Voo <t20V 

LM208A : —40 C<Tamp<+105C C,=33pF +5<Voco <t20V 

LM108A : —55 C<Tamp <+125C C,=33pF +5<Voo <t20V 
* =>Voo =t15V 


Vio Input Offset Voltage Rs < 10 kQ 
Tamb = 25 °C 
Tmin = Tamb = T max 


Input Offset Current 
Lamb = 25 °C 
T min s Tamb s Tmax 


Input Bias Current 
Tamb = 25 °C LM108A - 208A 
LM308A 
LM108A - 208A 
LM308A 


LM108A / LM208A 
LM308A 


Min. | Typ. | Max. | 


Tmin = Tamb S T max 


Large Signal Voltage Gain 
(Vo =+ 10 V, Ry =2 kQ) 
Tamb = 25 °C 
Tmin = Tamb = T max 
Supply Voltage Rejection Ratio 
(Rs < 10 KQ) 
Tamb = 25 °C 
Tmin S Tamb = Tmax 
‘lec Supply Current, no Load 
Tamb = 25 °G 
Tmin S Tamb S Tmax 
Input Voltage Range 
Tamb = 25 °C 


Tmin s Tamb S T max 


CMR_ | Common-mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S Tamb S Tmax 


Output Short-circuit Current ; ' 
Tamb = 25 °C 3 10 20 | mA 
Output Voltage Swing a V 
Tamb = 25 °C R_ =10 KQ 13 14 
Tmin S$ Tamb S$ Tmax Ri = 10 KQ 13 


+ Vopp 
Slew-rate (V; =+ 10 V, RL =2 kQ, Cr < 100 pF, Tamb =25 °C, 


unity Gain) 


Ky SGS-THOMSON = aoe 
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LM108,A-LM208,A-LM308,A 


ELECTRICAL CHARACTERISTICS (continued) 


LM108A / LM208A 
Symbol Parameter LM308A 
yo perp 


2 Rise Time LS 
oe =+ 20 mV, Ry =2 kQ, C, < 100 pF, Tamb = 25 °C, unity gain) 


Overshoot (V; = 20 mV, Ri = 2 kQ) fall % 
Ci < 100 Le Tamb = 25 °C, unity gain) 


Gain Bandwidth Sn 
(V;=10 mV, Rt =2 kQ, C_ < 100 pF) 
(f = 100 KHz, Tamb = 25 °C) 


THD Total Harmonic Distortion 
(f = 1 KHz, Ay = 20 dB, Ri =2 kQ, Vo =2 Vpp, Cri < 100 pF, 
Tamb = 25 °C) 


Vi Equivalent Input Noise Voltage : nV/VHz 
(f = 1 KHz, Rg = 100 9) 20 
Input Offset Voltage Drift Pe he pV/°C 
Tmin $ Tamb < T max 1 5 
Input Offset Current Drift pA/°C 
Tmin $ Tamb $ 25 °C 2.5 


ELECTRICAL CHARACTERISTICS 

LM308 : O<Tam<+ 70°C t5<Voo $4+20V 

LM208 :-40 <Tamb <+ 105 C +5<Voo S+20V 

LM108 :—55 <Tamb <+125C +5<Voo <#£20V 
*=>Voo = +15 V 


Parameter 


Input Offset Voltage Rs < 10 kQ 
Tamb = 25 °C 
Tmin S$ Tamb S Tmax 
Input Offset Current 
Tamb = 25 °C 
Tmin S Tamb S Tmax 


Input Bias Current 
Tamb =25 °C - 
T min < Tamb < T max 


Large Signal Voltage Gain 
(Vo =+10V, R_ =2 kQ ) 
Tamb = 25 °C 
Tmin S$ Tamb Ss T max 


Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin S Tamb S$ Tmax 


Supply Current, no Load 
Tamb = 25 °C 
Tmin = Tamb s Tmax 


Me {a7 SGS-THOMSON 
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LM108,A-LM208,A-LM308,A 


ELECTRICAL CHARACTERISTICS (continued) 


a | Min. | Typ. | Max. | Min. Typ. {tax | 
Input Voltage Range 
Tmin S$ eT ans < Tmax +4 
Common-mode Rejection Ratio ett 
(Rs < 10 kQ) 
Tamb = 25 °C 100 
T min < Tamb = Tmax 


Output Short-circuit Current mA 
Tamb = 25 °C 10 20 10 20 


Output Voltage Swing 
Tamb = 25 °C Ri = 10 kQ 
Tmin S$ Tamb < Tmax Re = 10 kQ 

Slew-rate (Vj =+ 10 V, R_ =2 kQ, 

Cr. < 100 pF, Tamb = 25 °C, unity gain) 

Rise Time * 

(Vj =+ 20 mV, Ry =2 kQ, C, < 100 pF, 

Tamb =25 i OF unity gain) 


Kov Overshoot (V; = 20 mV, Ry =2 kQ, 
C. < 100 pF, Tamb = 25 °C, unity gain) 10 10 


Gain SanuvEial Product 
(V;=10 mV, Re =2 kQ, Cy < 100 pF) 


(f = 100 kHz, Tamp = 25 °C) 


THD | Total Harmonic Distortion 
(f = 1 kHz, Ay = 20 GB, Ry =2 kQ, 
Vo =2 Vpp, Ci < 100 pF, Tamb = 25 °C) 0.12 0.12 
Equivalent Input Noise Voltage Haas 
(f = 1 KHz, Rg = 100 Q) 20 20 
DVio Input Offset Voltage Drift oo 
Tmin s Tamb Ss T max 3 15 30 
Input Offset Current Drift pA/°C 
Tmin < Tamb < 25 °C 2.5 2 10 
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LM108,A-LM208,A-LM308,A 


INPUT CURRENTS (Note 3) POWER SUPPLY REJECTION RATIO 


Vec=+15V 
Tamb = + 25°C 


INPUT CURRENT (nA) 


SUPPLY VOLTAGE REJECTION RATIO (dB) 


0 20 
—§5-35-15 5 25 45 65 85 105 125 100 31k 10k 100k 1M 10M 
TEMPERATURE (°C) FREQUENCY (Hz) 
E88LM108-03 E88LM108-05 


OPEN LOOP FREQUENCY RESPONSE INPUT NOISE VOLTAGE 


Beart ro aT 
0 8tt a wy} || 


Oo. arp enpe@ece 


VOLTAGE GAIN (dB) 
(seesBap) 14IHS 3SWHd 
MEAN SQUARE NOISE VOLTAGE (nV/VHz) 


1 10 100 1k 10k 100k 1M 10M 


FREQUENCY (Hz) FREQUENCY (Hz) 
E88LM108-06 E88LM108-07 


VOLTAGE FOLLOWER PULSE RESPONSE 


VOLTAGE SWING (V) 


TIME (us) 
E88LM108-08 
Note: 3. LM108A :- 55°C < Tamp $+ 125°C, +5 Ve Vecost20 V. 
LM208A :- 40°C < Tamp $+ 105°C, 45 Ve Vecost 20 V. 
“Ge SGS-THOMSON 
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SUPPLY CURRENT (A) 


VOLTAGE GAIN (dB) 


LM108,A-LM208,A-LM308,A 


SUPPLY CURRENT OUTPUT SWING 


> 
+H 
© 
F 
s 4 
nid 5 
k = 
a ll 
5 = 
° rs 
a 
SUPPLY VOLTAGE (+V) OUTPUT CURRENT (+mA) 
E88LM108-11 E88LM108-12 
VOLTAGE GAIN LARGE SIGNAL FREQUENCY RESPONSE 
a 
Ss 12 | 
+ 
© 
z \ 
= 8 
: AEE 
oe ill 
=) \ 
ELUNE NUM LUI 
ce RT 
Mn! Jt Nat 
LLU SER 
1k 10k 100k IM 
SUPPLY VOLTAGE (+¥V) FREQUENCY (Hz) 
E88LM108-18 E88LM108-20 
_ CLOSED LOOP OUTPUT IMPEDANCE 
[om] 
ul 
oO 
Pad 
q 
Q 
Ww 
a 
= 
= 
>) 
a. 
me | 
=) eit a 
a 
oO 
oO 
ad 
QO 
Ww 
” 
° 
Oo 10 100 1k 10k 100k IM 10M 
FREQUENCY (Hz) 
E88LM108-21 
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LM108,A-LM208,A-LM308,A 


BASIC DIAGRAMS 
STANDARD COMPENSATION CIRCUIT ALTERNATE FREQUENCY COMPENSATION 


eel. 


100 pF 


* Improves rejection of gap 
supply noise. 


au 


E88LM108-34 


E88LM108-33 


TYPICAL APPLICATIONS 
STANDARD FEEDFORWARD OPEN LOOP VOLTAGE GAIN 


20+ Standard 


VU 
ea 
> 
” 
m 
rr 
> 
G) 
a 
® 
2 


VOLTAGE GAIN (dB) 


_2ol__L _ 


100 1k 10k 100k 1M 10M 
FREQUENCY (Hz) — eEss_mi08-36 


E88LM108-35 


FEEDFORWARD COMPENSATION FOR SAMPLE AND HOLD 
DECOUPLING LOAD CAPACITANCE 


Power bandwith: 250 kHz 
Small signal bandwidth: 3.5 MHz 
Slew rate. 10 V/ys 


Output 


Sample 


30 pF 


C2 
ae pF 
E88LM108-38 


In addition to increasing speed the LM201A raises high 
and low frequency gain and eliminates thermal feed- 
back. 


E88LM108-37 
Worst case drift less than 2.5 mV/sec. 
Teflon, polyethyléne or polycarbonate dielectric 
Capacitor. 


* 


“* 
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CB-11 METAL CAN (top view) 


Frequency 
compensation 


E88LM108-40 


Pin 4 connected to case 


FOLLOWING AMPLIFIER 


E88LM1i08-40 | 


* Used to compensate for large source resistances. 


INPUT GUARDING 


Leakage currents are on the verge of causing trou- 
ble at + 125 °C. The standard pin configuration of 
most IC op amps has the input pins adjacent to pins 
which are the supply potentials. Therefore, it is ad- 
visable to employ guarding to reduce the voltage dif- 
ference between the inputs and adjacent metal 


LM108,A-LM208,A-LM308,A 


INVERTING AMPLIFIER 


E88LM108-40 


* Used to compensate for large source resistances. 


NON-INVERTING AMPLIFIER 


Input 
E88LM108-40 


* Used to compensate for large source resistances. 


runs. A ten-lead pin circle is used, and the leads of 
the IC are formed so that the holes adjacent to the 
inputs are vacant when it is inserted in the board. 
The guard, which is a conductive ring surrounding 
the inputs, is connected to a low impedance point 
that is at the same potential as the inputs. 
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LM108,A-LM208,A-LM308,A 


TYPICAL APPLICATION DIAGRAMS 


FAST SAMPLE AND HOLD FAST SUMMING AMPLIFIER WITH LOW INPUT 
CURRENT 


2N 4391 


| 


Output 


Sample 


E88LM108-41 E88LM108-42 


D/A CONVERTER USING LADDER NETWORK 


Output 


" Optional : reduces settling time. 


E88LM108-43 
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S/ i MICROELECTRONICS 
426 


LM108,A-LM208,A-LM308,A 


MECHANICAL DATA 
8 PINS — TO99 — METAL CAN 


12,7 min. 


20 PINS — TRICECOP (LCC) 


1,86 max. 


K57 SGS-THOMSON a = IN 
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LM108,A-LM208,A-LM308,A 


MECHANICAL DATA (continued) 
8 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 


Ven (a7 SGS-THOMSON 
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{a7 SGS-THOMSON LM111-LM211 
S| | MICROELECTRONICS LM311 


VOLTAGE COMPARATORS 


a» MAXIMUM INPUT CURRENT : 150 nA 

a MAXIMUM OFFSET CURRENT : 20 nA 

a DIFFERENTIAL INPUT VOLTAGE RANGE : 
+30 V 

» POWER CONSUMPTION : 185 mW AT +15 V 

a SUPPLY VOLTAGE :+5VTO+15V 

a» OUTPUT CURRENT : 50 mA 


(Metal Can) (Plastic Package) 
J 


CERDIP8 
(Cerdip Package) 


Net Ot 


D GC 
SO8 LCC20 
(Plastic Micropackage) (Tricecop (LCC)) 


DESCRIPTION 
The LM111, LM211 and LM311 are voltage compa- ORDER CODES 


rators that have low input currents. 
They are also designed to operate over a wide range Part Temperature 
[Number | Range TH [w |v |p [oc 


of supply voltages : from standard + 15 V operatio- 
LM111 | —55 to + 125 °C 
LM211 | -— 40 to + 105 °C 
LM311 0to+70°C 


Their output is compatible with RTL-DTL and TTL 
as well as MOS circuits and can switch voltages up 
to + 50 V at output currents as high as 50 mA. 


nal amplifier supplies down to the single + 5 V sup- 
ply used for IC logic. 

Note : Hi-Rel Versions Available 
Examples : LM111H, LM111J 


PIN CONNECTIONS (top views) 


- NC 
- Balance 


9 10 1112 13 
- Non-inverting input 
C 


- Ground - Balance 
- Non-inverting input - Strobe/balance 


- Inverting input - Output 
- Vec - Voc 


- Inverting input 
NC 


1- 
2 
3- 
4- 
5 
6- 
7 
8 - 
9 
0 


- NC 
- Vec 
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LM111-LM211-LM311 


ABSOLUTE MAXIMUM RATINGS 


| Symbol _ | Parameter | LMA | LM] L344 | Unit | 
Veo __| Supply Voltsge_——_—__ ae ae |e 
| Vip Cifferential Input Voltage | 80 80 | 0 
—~i_| Input Votage = pote) 8 a 


Power Dissipation mW 
LM311D-LM211D 300 
Other Versions 500 


Operating Free-air Temperature Range re. 

Storage Temperature Range = 65 to + 150|~ 65 to + 150|—65 to + 150 | 
Via)” [| Ground to Negative Supply Volage|__30_ | 30. | 30 | .v_ 
| Vi7-4) _| Output to Negative Supply Voltage =—s—is|] S50——Ci|(C(‘$+' 0—s—s |@_— $= «=C‘#??79)' —Sssd| VCO 


Output short-circuit duration : 10s LM111 : +150 °C 
Voltage at strobe pin: Véc-5 V Maximum junction temperature LM211 : + 150 °C 
LM311 :+ 150 °C 
Note: 1. This rating applies for + 15 V supplies. The positive input voltage limit is 30 V above the negative. The negative input voltage limit is 
equal to the negative supply voltage or 30 V below the positive supply, whichever Is less. 


SCHEMATIC DIAGRAM 


cd Strobo/balance Collector output 


Non-inverting 
input & 
Inverting (7 sof] eral 
input 250 at 200 Hf f an 


Case ; ; i Strobe/ 
Balance 


TO-99 / DIP8 
CERDIP8 / SO8 


LCC20 


*LCC20 : Other pins are not connected. 
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LM111-LM211-LM311 


ELECTRICAL CHARACTERISTICS 

LM111: —55 °C < Tamb < + 125 °C, Voc = + 15 V 
LM211: — 40 °C < Tamb < + 105 °C, Veco = 4 15 V 
LM311: 0°C <Tamb < + 70°C, Voc =t15V 
(unless otherwise specified) 


Input Offset Voltage (Rs < 50 kQ) — (note 2) 
Tmin S Tamb S Tmax 
eo =+ 25 °C 


Input Offset Current — (note 2) 
Tmin s Tamb < Tmax 
Tamb = + 25 °C 


Input Bias Current — (note 2) 
Tmin S Tamb S T max 
Tams =+ 25 °C 


Large Signal Voltage Gain (Tamp = + 25 °C) | 40 | 200| | 40 | 200 | ~— | wmv] 


Supply Currents (Tamb = 25 °C) mA 
Positive 5.1 3.1 
Negative 4.1 4.1 


Input Voltage Range | fe 44 Fra eee (ama a V 


Low Level Output Voltage V 
T min S Tamb = T max 
Véc = + 4.5 V, Vec =0, 
Isink = 8 MA, Vi < —6 mV 0.23 ; 
Vi<-10 mV : 
Tamb = + 25 °C, Io = 50 mA, Vi s —5 mV 0.75 
Vi<-10 mV ; ‘ 


High Level Output Current 
Tmin S Tamb S Tmax, Vi2 +5 MV, Vo =+ 35 V 
Tamb = + 25°C, Vj 2+ SMV, Vo =4+ 35 V 
Vi2+10mV, Vo =4+ 35 V 


Strobe Current (Tamb = + 25 °C) 
Pie | Hespones thie (haa as eh sch seie@ | tee ee 


Notes : 2. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single + 5 V supply up to+ 15 V 
supplies. 
The offset voltages and offset currents given are the maximum values required to drive the output down to + 1 Vor upto + 14 V with 
a 1 mA load current. Thus, these parameters define an error band and take into account the worst-case of voltage gain and input 
impedance. 
3. The response time specified (see definitions) is fora 100 mV input step with 5 mV overdrive. 
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LM111-LM211-LM311 


TRANSFER CHARACTERISTICS OUTPUT LIMITING CHARACTERISTICS 


4 
E 
2 RL=1 kn 5 5 
ul Vp=+60V a: = 
< > 5 
5 o E 
3 E < 
> 5 a 
0 ” 
EB 2 rt 
E a) 4 See =) 
ffl ts, ce 
ie ort-circult current 
0 6 wil _ S 
a & 
w” 
0 B 10 16 
E88LM111-02 > OUTPUT VOLTAGE (V) E88LM111-03 
COMMON MODE LIMITS INPUT OFFSET CURRENT 
a 
E& 
S 
: a 
ce 
S = 
onl (&) 
; " 
: : 
z oO 
3 > 
S = 
Vio Cee ae ae es a ee 0 
0 10 2030 40 G0 6070 Bo 85-35-15 6 25 45 65 85 106 125 
TEMPERATURE (°C) §88LM111-04 TEMPERATURE (°C) = E88LM111-05 
INPUT BIAS CURRENT 
q 
£ 
2 
ce 
c 
= 
oO 
7p) 
< 
@ 
= 
_ 
a. 
z 
0 
—55-35—15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 
E88LM111-06 
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LM111-LM211-LM311 


EQUIVALENT INPUT OFFSET ERROR EQUIVALENT INPUT OFFSET ERROR 


LM111 
LM211 


He 


| ta ft 


— = See == 


EQUIVALENT INPUT 
OFFSET VOLTAGE (mV} 
EQUIVALENT 
INPUT OFFSET VOLTAGE (mV) 


SATURATION VOLTAGE (V) 


1 : 
10k 100 k 1M 10M 10k 100 k 1M 10M 
INPUT RESISTANCE (0) INPUT RESISTANCE (1) 
E88LM111-07 E88LM111-08 
LOW LEVEL OUTPUT SATURATION VOLTAGE LOW LEVEL OUTPUT SATURATION VOLTAGE 
2 
Liu 
7 in (ae © 
$ 
z 
E 
¢ 
P 
<q 
” 
‘e] 
0 10 20 30 40 50 
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA) 
E88LM111-09 E88LM111-10 


INPUT CHARACTERISTICS 


INPUT BIAS CURRENT (nA) 


-—16-12-8 -4 0 4 8 12 16 
DIFFERENTIAL INPUT VOLTAGE (V) 


E88LM111-11 
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S/ MICROELECTRONICS 438 


LM111-LM211-LM311 


RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 


¢ 
oe aS GB Zz 


gt lL | YI vec =8 159 re iu 
B= TYNE A | Tamb = 425°C ta BY 
we | STE TT = we Bi 
od 2 ox 
“5 ‘a <i r\ 
re) Se Le) 
>bk 0 = 
be ba a 
= FE 100 a5 = 
2 (ae) 50 Z Co) 

. a 

O 0.2 0.4 0.6 0.8 : 
TIME (ys) E88LM111-12 TIME (us) E88LM111-13 
RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 


INPUT VOLTAGE (mV) 

OUTPUT VOLTAGE (V) 
INPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (Vv) 


TIME (ys) TIME (ns) 
E88LM111-14 E88LM111-15 
ea ne G7 SGS-THOMSON 
SJ7 icROELECTROMICS 


434 


LM111-LM211-LM311 


TYPICAL APPLICATIONS 


CRYSTAL OSCILLATOR LOW VOLTAGE ADJUSTABLE REFERENCE 
SUPPLY 


* Solid tantalum 


E88LM111-16 E88LM111-17 


O Square wave output 


To TTL logic 


* TTL or DTL fan-out two 


0 to +30 V swing and 
+15 V threshold 


E88LM111-19 


E88LM111-18 


AUXILIARY CIRCUITS 


STROBE INCREASING INPUT OFFSET BALANCING 
| STAGE CURRENT 


© TTL strobe 


E88LM111-20 E88LM111-21 E88LM111-22 


Ly SGS-THOMSON re ee ee 
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LM111-LM211-LM311 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
6.35 (1) (2) True geometrical position 


BO fy, SGS-THOMSON 
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LM111-LM211-LM311 


PACKAGE MECHANICAL DATA (continued) 
8 PINS — METAL CAN TO99 


20 PINS — TRICECOP (LCC) 


(7, SGS-THOMSON — tC“‘i‘ 
\/ | See oars 
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SGS-THOMSON LM117/217 
ky7 MICROELECTRONICS LM317 


1.2V TO 37V ADJUSTABLE VOLTAGE REGULATOR 


» OUTPUT VOLTAGE RANGE : 1.2 TO 37V 

a OUTPUT CURRENT IN EXCESS OF 1.5A 

a 0.1% LINE AND LOAD REGULATION 

e FLOATING OPERATION FOR HIGH VOL- 
TAGES 

» COMPLETE SERIES OF PROTECTIONS : 
CURRENT LIMITING, THERMAL SHUTDOWN 
AND SOA CONTROL 


DESCRIPTION 


The LM117/LM217/LM317 are monolithic integra- 
ted circuit in TO-220 and TO-3 packages intended 
for use as positive adjustable voltage regulators. 


They are designed to supply more than 1.5A of load 
current with an output voltage adjustable over a 1.2 
to 37V range. 


The nominal output voltage is selected by means of 
only a resistive divider, making the device exceptio- 
nally easy to use and eliminating the stocking of ma- 
ny fixed regulators. 


ABSOLUTE MAXIMUM RATINGS 


—_ input-output Differential Voltage ae eer ee 
| Io | Output Current Internally Limited ——— 


Operating Junction Temperature for: LM117 — 55 to 150 
LM217 — 25 to 150 ic 
LM317 0 to 125 °C 
Power Dissipation Internally limited ER. 
fe Fever Temperature — 65 to 150 
Aa 5 DATA 


| To-3 | 70-220 | 


no. -case ——————— Resistance Junction-case Max °C/W 
Rth j-amb | Thermal Resistance Junction-ambient Max a = °C/W 
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LM117/LM217/LM317 


PIN CONNECTION 


INPUT 


OUTPUT 


ADJUST 


Tab connected to pin 3 S - 5042/1 


LM117 aaa ENN 
LM217 LM217T 
LM317 LM317T LM317K 


SCHEMATIC DIAGRAM 


6 57 S&S:THOMSON 
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LM117/LM217/LM317 


Basic adjustable regulator. 


S-5045/1 


ELECTRICAL CHARACTERISTICS (V,-V, = 5V, |, = 500mA, unless otherwise specified) 


| kmai7/im217 | LM317 
ima] ram | —tetommem (aR 


fill icine ViVo=3to4ov | T,=26°C} [0.01] 0.02] | 0.01 | 0.04 | wv 
P| fone feos | fone [oor 

Vo Load Regulation V5 <.5V /T,=25°C | | 5 15 | {| 5 | 25 | mV 
Pe eee 

eon to sa =O 0.1 pos | jos | 08 | % 

j= toma w 8h [Post fos Ts 


lADJ Adjustment Pin 50 100 50 100 uA 
Current 
Alapy | Adjustment Pin Vi-V_ =2.5 to 40V 0.2 5 0.2 5 LA 
Current lp = 10mA to 1.5A 
> Gatenn pS | l= aio 
Temperature 


(between pin 3 lp = 10mMA to 1.5A 
and pin 1) 
Stability ett 
lo min Minimum Load Vii-V>o =40V 3.5 35 mA 
Current 


Output Noise pie = 25°C, 10Hz to 10KHz 0.003 0.003 
(percentage of Vj.) 


Rejection () | a t20H Gyo, cigar Pee Leo Pee Loo 


*) CADJ is connected between pin 1 and ground 
sic Unless otherwise specified the above specs, apply over the following conditions LM 117 T,=—55 to 150°C ; 
LM 217 T, = —25 to 150°C , LM 317 T, = Oto 125°C. 


= Output Voltage 


{a7 SGS-THOMSON ee ee 
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LM117/LM217/LM317 


Figure 1 : Output Current vs. Input-output 
Differential Voltage. 


Figure 2 : Dropout Voltage vs. Junction 
Temperature. 


G-4630 


VpROP 
(Vv) 


> 
< 
° 

—_ 
° 
3° 
3 

< 


| | AY 
iE 
cats 


a a 
eevee a 
aie 
PN IN | 
ees 


0 10 20 30 Vi-Vol Vv) ~50 0 +50 +100 T(C) 


Figure 3 : Reference Voltage vs. Junction 


Temperature. 


G- 4631/1 


1.235 


50 0 +50 +100 


APPLICATION INFORMATION 


ace ee ee 
See Ree eee 
Cees eS 
Eile ales aeat a deed 


T, (c*) 


Figure 4 : Basic Adjustable Regulator. 


S-S045/1 


The LM117/LM217/LM317 provides an internal re- The device was designed to minimize the term lapy 
_ ference voltage of 1.25V between the output and (100uUA max) and to maintain it very constant with 
adjustments terminals. This is used to set a constant line and load changes. Usually, the error term 
current flow across an external resistor divider (see laby : Re can be neglected. To obtain the previous 


fig. 4), giving an output voltage Vo of : 


Vo = VREF ( + 7) + lapy R2 
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requirement, all the regulator quiescent current is 
returned to the output terminal, imposing a minimum 
load current condition. If the load is insufficient, the 
output voltage will rise. 


ka SGS-THOMSON 
4 wicrossctromes 


Since the LM117/LM217/LM317 is a floating regu- 
lator and "sees" only the input-to-output differential 
voltage, supplies of very high voltage with respect 
to ground can be regulated as long as the maximum 
input-to-output differential is not exceeded. Further- 
more, programmable regulator are easily obtaina- 
ble and, by connecting a fixed resistor between the 
adjustment and output, the device can be used as 
a precision current regulator. 


In order to optimise the load regulation, the current 
set resistor R1 (see fig. 4) should be tied as close 
as possible to the regulator, while the ground termi- 
nal of R2 should be near the ground of the load to 
provide remote ground sensing. 


Figure 5 : Voltage Regulator with Protection Diodes. 


IN4001 


LM117/LM217/LM317 


No external capacitors are required, but perfor- 
mance may be improved with added capacitance as 
follows : 


. Aninput bypass capacitor of 0.1LF 


. An adjustment terminal to ground 10uF capaci- 
tor to improve the ripple rejection of about 15dB 
(Capy) 


- An ipF tantalum capacitor on the output to im- 
prove transient response. 


In additional to external capacitors, it is good prac- 
tice to add protection diodes, as shown in fig. 5. 


- F 
1N4001 


S-5046/1 


D1 protects the device against input short circuit, while D2 protects against output short circuit for capacitors 


discharging. 
Figure 6 : Slow Turn-on 15V Regulator. 


$-5052N 


Figure 7 : Current Regulator. 
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LM117/LM217/LM317 


Figure 8 : 5V Electronic Shut-down Regulator. Figure 9 : Digitally Selected Outputs. 


LM117 
LM217 
LM317 al 


$- 5054/1 


DIGITAL INPUTS S~5055/1 


(R2 sets maximum Vo) 


Figure 10 : Battery Charger (12V). 


$-5051/1 


“ Rs sets output impedance of charger 


R2 
R1 


* R3 sets peak current (0.6A for 1Q). 
** C1 recommended to filter out input transients. 


Use of Rs allows low charging rates with fully charged battery 
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LM118-LM218 


LM318 


SINGLE OPERATIONAL AMPLIFIERS 


oe 


GC 
LCC20 
(Tricecop (LCC)) 


a INPUT OFFSET VOLTAGE : 
- 4mV MAX. LM118—LM218 
- 10mV MAX. LM318 
a INPUT BIAS CURRENT : 
~ 250 nA MAX. 
» INPUT OFFSET CURRENT : 
- 50nA MAX. 
a SLEW RATE OF 150 V/us AS INVERTING 
AMPLIFIER 


DESCRIPTION 


The LM118, LM218 and LM318 are precision high 
speed operational amplifiers designed for applica- 
tions requiring wide bandwidth and high slew rate. 
They feature internal frequency compensation and 
a factor of ten increase in speed over general pur- 
pose devices. 


Although, no external frequency compensation 
components are needed for operation, feedforward 
compensation may be used to further increase the 
speed. For inverting applications, feedforward com- 
pensation will boost the slew rate to over 150 V/us 
and almost double the bandwidth. However, for non- 
inverting or differential applications feedforward 
cannot be used. 


The high speed and fast settling time of these op 
amps make them useful in A/D converters, oscilla- 
tors, active filters, sample and hold circuits, or ge- 
neral purpose amplifiers. 


PIN CONNECTIONS 


DIP8/CERDIP8/ 
SO8 


- Balance/Compensation 1 
- Inverting input 

- Non-inverting input - Output 
NGG - Voc 


- Balance/Compensation 3 


December 1988 


(Metal Can) 


N 
DIP8 
(Plastic Package) 
J 


CERDIP8 
(Cerdip Package) 


ORDER CODES 


Part 
(HIN | y [ec/p | 


Number Range 


Nt 


D 
SO8 
(Plastic Micropackage) 


- Inverting input 


Note : Hi-Rel Versions Available 
Examples : LM118J, LM218H 


LM118 | —-55 to + 125 °C 
LM218 | — 40 to +105 °C 
LM318 0 to + 70 °C 


- NC 
- Non-inverting input 
NC 


- NC 
- Balance/Compensation 1 


- Compensation 2 
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LM118-LM218-LM318 


ABSOLUTE MAXIMUM RATINGS 


[Symbol] ——~—~Parameter~—=S~*~*~*~r;Ci | || Un 
vec | SuppiyVotge———=S=C=~C~“‘*‘“*~*“‘“~rSC‘aOCdYCC OO 
Cv. [ eet vine 07a ais as 
Tip | Ditereniat put Curent (note2)———SC~SC tot 
aia oe a 


Ptot Power Dissipation LM318D 300 mW 
All other Versions 500 
Operating Free-air Temperature Range —55to+125/-40to+105| Oto+70 ae 
Storage Temperature Range — 65 to + 150 |— 65 to + 150 |]— 65 to + 150 om 


Notes : 1. For supply voltage less than + 15 V, the absolute maximum input voltage 1s equal to the supply voltage 
2. The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential input vol- 
tage in excess of 1 Vis applied between the inputs unless some limiting resistance is used. 


SCHEMATIC DIAGRAM 


Balance 
Compensation 


Compensation 


R12 
2kS2 


Balance a 
Compensation 


Inverting 
input S 


Non-inverting 
input a 


Balance 
Compensation 


TO99/DIP8 
CERDIP8/SO8 


* LCC20 : Other pins are not connected. 


inverting |. 
Input 
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LM118-LM218-LM318 


ELECTRICAL CHARACTERISTICS 


LM318 : 0 <Tamb S+ 70T t5VSVoo St20V C, = 30 pF 
LM218 : —40 <T...<+105C £5V<Voo <+20V GC, =30 pF 
LM118 : ey <Tamb < + 125 TC +5VSVeo S$+20V C; =30 pF 
*=>Voc V 


(unless | Seas specified) 


Input Offset Voltage Rs < 10 kQ 

Tamb = 25 °C 

Trin S Tamb < T max 

Input Bias Current 
Tamb = 25 °C 

Tmin S Tamb S$ T max 


Input Offset Current 
Tamb = 25 °C 
Tmin S Tamb S Tmax 
Large Signal Voltage Gain * 
(Vo =£10V, Rit 2 2 kQ) 
Tamb = 25 °C 

Tmin < Tamb S$ Tmax 


LM118, LM218 LM318 


Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
Tame = 25 aG 


Tmin < Tamb < T max 


Supply Current, no Load 
T4mpc= 23 °C 
Tmin S Tamb S Tmax 
Input Voltage Range * 
Tamb = 25 °C 
Trin = Tamb s Tmax 
Common Mode rejection Ratio * 
(Rs < 10 kQ) 

Tamb = 25 °C 
Tmin s Tamb > T max 


lo Output Short-circuit Current * 
eos = 25 °C 


Output Voltage Swing * 
Tamb = 25 °C Rr. =2 kQ 
T min = Tamb < T max 
Slew-rate (V; =+ 10 V, RL =2 kQ, C_ < 100 pF, * 
Tamb = 25 °C, unity gain) (note 3) 


input Impedance, Tarp =25 °C Paid) so bee eare one 


Note: 3 May be improved up to 150 V/us in inverting amplifier configuration (see typical application) 
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LM118-LM218-LM318 


ELECTRICAL CHARACTERISTICS (continued) 


| Min. | Typ. |Max.| Min. | Typ. |Max. | 
Gain Bandwidth Product * MHz 
(Vj =10 mV, Ry =2 kQ, Cy, s 100 pF, f = 100 kHz, 
Tamb = 25 °C) 


THD Total Harmonic Distortion * 
(f = 1 kHz, Ay = 20 dB, Ry =2 kQ, Vo =2 Vpp, 
CL s 100 pF, Tamb = 25 °C) 


Equivalent Input Noise Voltage * nV/VHz 
(f= 1 kHz, Rg = 100 9) ied 17 


IIB (nA) INPUT BIAS CURRENT VOLTAGE FOLLOWER SLEW RATE (Note 5) 
130 


INPUT BIAS CURRENT (nA) 
oO 
Oo 
SLEW RATE (V/z8) 
ide] 
oO 


: CE Fee 
Vcec=+t15V a <a 
135 70 + Rg =Ry=10 ko > 
C1—5 pF 
130 60 
-55 -385 -15 5 25 45 65 85 105125 —55 -35~-15 5 25 45 65 85 105125 
TEMPERATURE (°C) TEMPERATURE (°C) 
E88LM1 18-02 E88LM1 18-03 
Note: 5. LM118:-—55°C<Tam<+125°C,+5V<Vecs+20V 
LM218 :— 40 °C < Tamy $+ 105°C, +5 VVecs+20V 
LM318:— O°C<Tam<+ 70°C,45V<Vecs+20V 
am sGs-THOMsoN 
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UNITY GAIN BANDWIDTH (GAIN : 1) (Note 5) 


LM118-LM218-LM318 


POWER SUPPLY VOLTAGE & COMMON 


= PS MODE REJECTION RATIO 
= s 120 
s =o 
= OD 115 
os O6 
5 w= 110 
a Ww <f 
= Oo 
ral 4 105 
2 KS 
a OF 100 
° ae 
z 
z >5 95|—| 
S en ll 
a. 
- 7) 
z Oo 85 
=) ce 
= 80 
—5§5-35-15 5 25 45 65 85 105125 o 55-35-15 5 25 45 65 85 105125 
TEMPERATURE (°C) TEMPERATURE (°C) 
E88LM118-04 E88LM118-38 
loc (mA) OUTPUT SHORT-CIRCUIT CURRENT NOISE | EQUIVALENT INPUT NOISE 
a 40 (nV/IVH2) 59 
it 35 
a 3 
a 30 S 15 
bk 25 Be 
O o\|z 
ee 20 => 10 
OE SS 
_— 15 =‘c 
fom u ~~ 
r 
uw) = 5 
E 5 CG 
a. Lu 
= 0 0 
e) 55-385 -15 5 25 45 65 85 105 125 55 -35 -15 5 25 45 65 85 105125 
TEMPERATURE (°C) TEMPERATURE (°C) 
E88LM118-37 E88LM118-36 
COMMON MODE REJECTION POWER SUPPLY REJECTION 
:~ cal 
_ 7) amb = 
o fe) (ioe SY © Positive supply 
5 — Ns 
wm 80 oO 
> Lu 
uw uw 
a 60 x 40 
Q A 
a 
= 40 a 20 
Z 7 
=> 20 0 
= 
re) 
Oo 4 -20 : 
100 ik 10k 100k iM 10M 1000 61k 610K 100K IM 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88LM1 18-05 E88LM118-06 
SGS-THOMSON eae 


ky 
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LM118-LM218-LM318 


INPUT NOISE VOLTAGE 


VOLTAGE GAIN 


(AP) NIVD ADVLIOA 


Gq 8 Gp ann meme teee cmos G 
O00 Gna mum iste Come 4 
COU Gl ae ee (018 Cem 


eee LLL " 


G 


x 


HAA 


(ZHA/A¥) SSION 


18 20 


15 


10k 100k 


FREQUENCY (Hz) 


10 


SUPPLY VOLTAGE (V) 


E88LM1 18-08 


E88LM1 18-07 


SUPPLY CURRENT 


CURRENT LIMITING 


(yW) LN3ZYHND AlddNS 


DoGT+ = Wwe) 


(A#) SNIMS LNdLno 


SUPPLY VOLTAGE (V) 


OUTPUT CURRENT (mA) 


E88LM118-14 


E88LM1 18-09 


LARGE SIGNAL FREQUENCY RESPONSE 


INPUT CURRENT 


(AF) SNIMS LNdLno 


(WU) LNSYYHND LONI 


10M 20M 50M 


5M 


0.5M 1M 2M 


FREQUENCY (Hz) 


5 DIFFERENTIAL INPUT (V) 


E88LM118-20 


E88LM1 18-15 


MICROELECTRONICS 
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LARGE SIGNAL FREQUENCY RESPONSE* 


Tamb - + 25°C 


NIT tin 

CONT CT 

CON 

CoN Co 

THOT 
10M 30 


M 100M 


OUTPUT SWING (+ V) 
ro) 


1M 3M 
FREQUENCY (Hz) 
E88LM1 18-21 
OPEN LOOP FREQUENCY RESPONSE* 


| | vcc- #15 


120 


a 100 PON Tamb = + 25°C 225 = 

z 80 > ~ 180 > 

 ¢ m 

@ 

ne 60 135 c 

c Q) 

© ve] 

> 20 45 ® 
a 

(@) 0 
—20 


FREQUENCY (Hz) 


E88LM1 18-23 


INVERTER PULSE RESPONSE* 


> 
Z z |, 
iu ‘ ° 

= O 
: < 
< 2) 
S > 
ro) 
> a 

Vec= +15 V 5 

Tamb = + 25°C 2 

—0.1 0.1 0.3 0.5 0.7 0.9 
0.03 0.1 0.3 1 3 
TIME (zs) TIME (ps) 
E88LM1 18-25 E88LM118-26 
* With feedforward compensation 
Gy, SGS-THOMSON 2 
S/ | MICROELECTRONICS 


VOLTAGE GAIN (dB) 


LM118-LM218-LM318 


OPEN LOOP FREQUENCY RESPONSE 


120 i 
“| 


100 ee Tamb= +25°C 7] 225 z 
wn 

80 bs 180 ™ 
60 oe 135 © 
=a 3 

40 9.68 
Fy 

& 

20 456 — 

0 0 


10 100 1k 10k 100k 1M 10M 100M 
FREQUENCY (Hz) 
E88LM1 18-22 
VOLTAGE FOLLOWER PULSE RESPONSE 


VOLTAGE SWING (V) 


TIME (ys) 
E88LM1 18-24 


INVERTER SETTLING TIME 


vial 


451 


LM118-LM218-LM318 


BASIC DIAGRAMS 


FEEDFORWARD COMPENSATION FOR GREA- COMPENSATION FOR MINIMUM SETTLING 
TER INVERTING SLEW RATE* TIME* 


Balance 


E88LM1 18-28 E88LM1 18-29 


* Slew rate typically 150 V/us. | Slew and settling time to 0.1 % fora 10 V step change is 800 ns 


ISOLATING LARGE CAPACITIVE LOADS 


Output 


E88LM118-30 


OFFSET BALANCING OVERCOMPENSATION 


200 k&2 


Output 


E88LM118-31 E88LM1 18-32 


ON ky SGS-THOMSON 
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LM118-LM218-LM318 


TYPICAL APPLICATION DIAGRAM 


FAST SAMPLE AND HOLD FAST SUMMING AMPLIFIER WITH LOW INPUT 
CURRENT 


2N 4391 


Output 


Sample 


E88LM118-33 E88LM118-34 


D/A CONVERTER USING LADDER NETWORK 


* Optional : reduces settling time E88LM118-35 


{7 SGS-THOMSON ee en 
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LM118-LM218-LM318 


PACKAGE MECHANICAL DATA 
8 PINS — TO-99 — METAL CAN 


12,7 min. 


20 PINS — TRICECOP (LCC) 


1.86 max. 


“a _______ f SGs:THomson 
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LM118-LM218-LM318 


PACKAGE MECHANICAL DATA (continued) 
8 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 
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LM119 - LM219 
LM319 


HIGH SPEED DUAL COMPARATORS 


» TWO INDEPENDENT COMPARATORS 

u OPERATION FROM A SINGLE + 5 V SUPPLY 

a TYPICALLY 80 ns RESPONSE TIME AT + 15 V 

a MINIMUM FAN-OUT OF 2 EACH SIDE 

a» MAXIMUM INPUT CURRENT OF 1 pA OVER 
OPERATING TEMPERATURE RANGE 

a INPUTS AND OUTPUTS CAN BE ISOLATED 
FROM SYSTEM GROUND 

a HIGH COMMON-MODE SLEW RATE 


DESCRIPTION 


These products are precision high speed dual com- 
parators designed to operate over a wide range of 
supply voltages down to a single 5 V logic supply 
and ground and have low input currents and high 
gains. 


The open collector of the output stage makes com- 
patible with TTL as well as capable of driving lamps 
and relays at currents up to 25 mA. 


Although designed primarily for applications requi- 
ring operation from digital logic supplies, are fully 
specified for power supplies up to 15 V. 


They feature faster response than the LM111 at the 
expense of higher power dissipation. However, the 
high speed, wide operating voltage range and low 
package count make the much more versatile. 


December 1988 


my 


N 
DIP14 
(Plastic Package) 


(Metal Can) 


J 
CERDIP14 
(Cerdip Package) 


wt 


GC 
LCC20 
(Tricecop (LCC)) 


) 
$014 
(Plastic Micropackage) 


ORDER CODES 


Part Temperature 
Number | Range [H[N| J |D [Gc 


LM119 |-—55 to +125 °C 
LM219 | — 40 to + 105 °C 
LM319 0 to + 70°C 


Note : Hi-Rel Versions Available. 
Examples : LM119H, LM219N. 
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LM119-LM219-LM319 


PIN CONNECTIONS (top views) 


DIP14/CERDIP14 


910 1112 13 


1 - Output 1 1- NC 

2 - Ground 1 2-NC 12 - Ground 2 

3 - Non-inverting input 1 3- NC 13 - Non-inverting input2 

4 - Inverting input 1 4- Ground 1 14- Inverting input 2 

5- Voc 5-NC 15-NC 1-NC 8 - Ground 2 

6 - Output 2 6 - Non-inverting input1 16- Vcc 2-NC 9 - Non- inverting input 2 
7 - Ground 2 7- NC 17- NC 3 - Ground 1 10 - Inverting input 2 
8 - Non-inverting input 2 8 - Inverting input 1 18 - Output 1 4- Non-invertinginput1 11- Voc 

9 - Inverting input 2 9- Vcc 19- NC 5 - Inverting input 1 12 - Output 1 
10- Voc 10 - Output 2 20- NC 6- Voc 13- NC 

7 - Output 2 


ABSOLUTE MAXIMUM RATINGS 


[“Symbet [Parameter ——~S*~rC [bate | owate [unit 

[Vo = Vee | Output to Negatve Supply Votage [36 | s6 | se +s ‘| 

[Vie | Negative Supply Votage ——=SSSC*idCtas es 
[Postive Supply Vollage —~=~=~“~*~—rtC“<~‘it SSC 


3 
2 
Positive Supply Voltage 1 
500 


input Votage — (note 1) v 


* All potentials referenced to ground unless otherwise specified. 


OO (7 ScS:THOMSON 
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LM119-LM219-LM319 


SCHEMATIC DIAGRAM 


R1 
35 ks 


=] 
R2 
4 ki 


To other half 
E88LM119-01 


Non- 


pavertlag invertin 
Inputs g 
Inputs 


T0100 
DIP 14/ 
CERDIP14/ fpate 5, 10 4,9 3, 8 11 
$014 


* LCC20 : Other pins are not connected. 


Véc Véc N.C. 


ee ee ee 
poe = = 7 
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LM119-LM219-LM319 


ELECTRICAL CHARACTERISTICS 

LM119 :— 55 °C S$ Tamb $ + 125 °C, Voco = 415 V 
LM219 :— 40 °C < Tamb $ + 105 °C, Voc = + 15 V 
LM319: O°C < Tam <+ 70°C, Voc = + 15 V 


(unless otherwise specified) 
LM119, LM219 LM319 
Parameter 


Input Offset Voltage (Rs < 5 kQ) — (note 3) 
T amb =+ 25 °C 
T min S Tamb S T max 


Input Offset Current — (note 3) 
Tamb = + 25 °C 
T min S$ Tamb = T max 

Input Bias Current — (note 3) 
Tamb = + 25 °C 
Tmin S Tame = Tmax 


Positive Supply Current 
Tamb = + 25 °C, Voc = + 15 V 
T min s Tamb S Tmax; Voc =+5 V, Voc =0OV 


Negative Supply Current (Tamb = + 25 °C) 


V Input Voltage Range 
(Véc =+ 5 V, Vec =0 V) 


Differential Input Voltage 


Low Level Output Voltage 

Tamb = + 25 °C, lo = 25 MA 
Vi <-5mvV 
Vi <-10mvV 

o°cs Tamb < Tmax 
Veéc > + 4.5 V, Veco =O V, Vi <-6 mV, 
lo(sink) <3.2 mA 

T min s Tamb < Tmax 
Véc > + 4.5 V, Vec = 0 V, Vi < — 10 mV, 
lo(sink) <3.2 mA 


High Level Output Current (Vo =+ 35 V) 
Tamb = + 25 °C, Vi>+ 5 mV 
Vi>+10mvV 
Tmin S Tamb S$ Tmax, Vi > 5 mV 


Rise Time (Tamb = + 25 °C) — (note 4) 


Sie : 1. For supply voltages less than+ 15 V, the absolute maximum input voltage is equal to the supply voltage 

2. TO100 . Rihy-ay = 160 “C/W, Riny-c) = 45 “C/W 
DIP14 =~ Ring-a) = 150 “C/W 
S014 Rihy-ay = 250 °C/W 

3 These specifications apply for Vcc = + 15 V, unless otherwise stated The offset voltage, offset current and bias current specifica- 
tions apply for any supply voltage from a single + 5 V supply up to + 15 V supplies 
The offset voltages and offset current given are the maximum values required to drive the output down to 1 Vorupto+ 14V witha 
1 mA load current 
Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

4, The response time specified Is for a 100 mV input step with 5 mV overdrive. 
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OUTPUT CURRENT (mA) INPUT BIAS CURRENT (nA) 


S JPPLY CURRENT (mA) 


LM119-LM219-LM319 


LM119-LM219 


INPUT BIAS CURRENTS 


-55 -35 -15 5.0 25 45 6S 5 105 125 
TEMPERATURE (°C) _ Eggim119-02 


OUTPUT SATURATION VOLTAGE 


Tamb = > 55°C 
' I 


Vcc = + 15V 


rdrive = 5mV 
0.2 0.4 0.6 6.8 1.0 


OUTPUT VOLTAGE (V) 
E88LM1 19-04 


SUPPLY CURRENT 


SUPPLY VOLTAGE (+V) 
E88LM1 19-06 


‘S77 


COMMON MODE LIMITS 


COMMON MODE LIMITS (V) 


-55 -35 -15 5.0 25 65 65 65 105 125 
TEMPERATURE (°C) €88Lm119-03 


SUPPLY CURRENT 


SUPPLY CURRENT (mA) 


-55 -35 -15 50 25 45 65 85 105 125 


TEMPERATURE (°C) 
E88LM119-05 


OUTPUT LIMITING CHARACTERISTICS 


120 12 

E 100 Uv 
= O 
a - 
= E 
© w 
tr 60 ” 
—_ Uv 
oD} 
© sf 
5 S 

a 
fr oe 
o a = 
=z 
” 

0 5.0 10 45 
OUTPUT VOLTAGE (V) 
E88LM119-07 
SGS-THOMISON .  —(is—‘“—s‘“‘“‘ CO 
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LM119-LM219-LM319 


LM319 
INPUT BIAS CURRENTS COMMON MODE LIMITS 
> 
< a 
= n 
5 - 
7 S 
c a 
5 a 
0 O 
7) 
< 
a e) 
E = 
a 5 
= O 
TEMPERATURE (°C) —_E88LM119-08 TEMPERATURE (°C)  £&88LM119-09 
OUTPUT SATURATION VOLTAGE SUPPLY CURRENT 
" = 
<q a Voc = t15V 
: ; Ten rina 
a = 
2 
we 15 i it 
c va 
5 oat vi. = 
> éc= +5 V. Vec=0 
oO 10 3) Positive supply 
- / > 
~ J 
F / Vcc = +15V “5 
Input overdrive — 5 mV Negative supply 
tl 
0 0.2 0.4 0.6 0.8 1.0 0 10 20 30 40 50 60 70 
OUTPUT VOLTAGE (Vv) &88M119-10 TEMPERATURE (°C) 9 ©88LM119-11 
6/10 
SS a ae ITI SGS-THOMSON 
S/ | MICROELECTRONICS 


462 


LM119-LM219-LM319 


TRANSFER FUNCTION INPUT CHARACTERISTICS 
Vcc = +15V 
a oe) Zz 
= Tamb = + 25°C c = 
x = wi 
ww < Pa 
fo) c 
ds} r =) 
< - (6) 
ae > W 
Oo m << 
: a 
12] b 
co = > 
5 < 2 
© 
-10 -0<6 -@2 62 as 1.0 -10 -60 -290 20 60 10 
DIFFERENTIAL INPUT VOLTAGE (mV) DIFFERENTIAL INPUT VOLTAGE (V) 
E88LM119-12 E88LM1 19-13 


RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 


6.0 

50 Vec=+t15V 
Ry = 500 2 

4.0 Vi= +5V 

3.0 

2.0 


1.0 


INPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 
INPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


0 58 100 150 200 250 300 350 0 50 100 180 200 250 300 350 


TIME (ns) E88LM119-15 TIME (ns) E88LM119-15 


RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 


INPUT VOLTAGE (mv) 
OUTPUT VOLTAGE (V) 
INPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


0 SO 100 158 200 250 300 350 0 S5@ 100 150 200 250 200 350 
TIME {ns) E88LM119-16 TIME (ns) E88LM1 19-17 
1 
Gy SGS-THoMson 
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LM119-LM219-LM319 


TYPICAL APPLICATION DIAGRAMS 
RELAY DRIVER 


E88LM119-18 


WINDOW DETECTOR 


O) 
TTL output 


Vo = +5 V for Vit <Vi<Vut 


Vo=0 for Vi< Vi 7 Or Vi>VuUT E88LM119-19 


8/10 
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LM119-LM219-LM319 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 


1 4 Pins 


1.75 max. 


14 Pins 


(7 SGS-THOMSON BN 
7 MICROELECTRONICS 
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LM119-LM219-LM319 


PACKAGE MECHANICAL DATA (continued) 
10 PINS — METAL CAN T0100 


20 PINS — TRICECOP (LCC) 


1.86 max. 


asf SGS-THOMSON 
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SGS-THOMSON __LIM124,A-LM224,A 
ky7 MICROELECTRONICS § LM324,A-LM2902 


LOW POWER QUAD OPERATIONAL AMPLIFIERS 


» LARGE VOLTAGE GAIN : 100 dB 

» VERY LOW SUPPLY CURRENT/AMPLI 
375 A 

s LOW INPUT BIAS CURRENT : 20 nA 

s LOW INPUT OFFSET VOLTAGE : 2 mV 

2 LOW INPUT OFFSET CURRENT : 2 nA 

» WIDE POWER SUPPLY RANGE : 
” DUALSUPPLIES :215V TOS 18V Plastic Package) (Past Micopackage) 


J 
CERDIP14 ay 
(Cerdip Package) 1, w 


GC 
LCC20 
(Tricecop (LCC)) 


DESCRIPTION ORDER CODES 


Part Temperature 
Number | _Range | N | ¥ [ac] D 


LM124,A | — 55 °C to + 125 °C 
LM224,A | — 40 °C to + 105 °C 
0 °C to + 70 °C 
— 40 °C to + 105 °C 


Note : Hi-Rel Versions Available 
Examples : LM124J, LM1i24GC, LM224N 


These circuits consist of four independent, high 
gain, internally frequency compensated operational 
amplifiers which were designed specifically for auto- 
motive and industrial control systems. They operate 
from a single power supply over a wide range of vol- 
tages. Operation from split power supplies is also 
possible and the low power supply current drain is 
independent of the magnitude of the power supply 
voltage. 


PIN CONNECTIONS (top views) 


DIP14/CERDIP14 


- NC - NC 

- Output 4 pp Oe - Output 3 

- Inverting input 1 - Inverting input 3 
- Output 1 - Output 3 - Non-inverting input 1 - Non-inverting input 3 
- Inverting input 1 - Inverting input 3 NC NC 

- Non-inverting input 1 - Non-inverting input 3 
- Vee - Vee 

- Non-inverting input 2 - Non inverting input 4 
- Inverting input 2 - Inverting input 4 

- Output 2 - Output 4 


-Vec 

- NC 

- Non-inverting input 2 - Non-inverting input 4 
- Inverting input 2 - Inverting input 4 

- Output 2 - Output 4 


{ 
2 
3 
4 
5- 
6- 
7- 
8 
9 
0 


—"* 
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LM124,A-LM224,A-LM324,A-LM2902 


ABSOLUTE MAXIMUM RATINGS 


Nai say Ss 
|v. |inputvotage 8 to 82 
[Vie | Diferenial input Votage—SSSCSCSC~C~irSCi ee 
N, J Suffix 

GC Suffix 


Power Dissipation 


500 500 
665 
D Suffix 400 
Pee Output Short-circuit Duration Indefinite fel 
|__| Input Current — (note 6) 
Operating Free Air Temperature Range — 55 to+125;—-40to+105; Oto+70 


Storage Temperature Range - 6540 150 | —65to 150 | — 65 to 150 


SCHEMATIC DIAGRAM (1/4 LM124) 


Inverting input Non-inverting input 


‘il it 
: io 


ho 
Inputs Inputs 

DIP14 

CERDIP14 2,0;9, 13 3, 5, 10, 12 1,7, 8, 14 

$014 


* LCC20 : Other pins are not connected. 


E88LM124-01 
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LM124,A-LM224,A-LM324,A-LM2902 


ELECTRICAL CHARACTERISTICS 
Véc=+5V, Véc = Ground, Vo = 1.4 V 


LM224, A LM2902 : — 40 < Tamp < + 105 °C 
LM124, A : —55 < Tamp $ + 125 °C 


(unless otherwise specified) 


LM124A, 224A 
Parameter 324A 


LM124, 224 
324, 2902 


Input Offset Voltage (note 3) 
Tamb =+ 25 i 
Tmin S Tamb = T max 


Input Offset Current 
Tamb =+ 25 °C 
Tmin S Tamb S Tmax 


Input Bias Current (note 2) 
Tap =+ 25 °C 
Tmin = Tamb Ss T max 


Large Signal Voltage Gain 
(Véo=4+15V, Re =2 kQ) 
(Vo = 1.4 V to 11.4 V) 

Tamb = + 25 °C 
Tmin = Tamb = T max 


Supply Voltage Rejection Ratio (Rs < 10 kQ) 
Tamb =+ 25 °C 
Tmin $ Tamb S$ Tmax 


Supply Current, all Amp, no Load 
Tamb = + 25 °C Veco =+ 5V 
Voc =+ 30 V 
Tmin S$ Tamb S Tmax Vec=+ 5V 
Vec = + 30 V 


Input Voltage Range (note 4) 
T amb =+ 25°C 


T min < Tamb Ss T max 


Common-mode Rejection Ratio (Rs < 10 kQ) 
ban = + 25 °C 
Tmin < Tamb < Tmax 


Output Short-circuit Current 
(Vi =+1V, Vr =0 V, Voc = + 15 V) 
Tamb = + 25 °C 
Tmin = Tamb = Tmax 


Output Current Sink 
(Vi =-1V, Vr =0 V) 
Veco =+15V Tamb = + 25 °C 
T min < T amb s T max 
Vo =+02V Tamb = + 25 °C 
Tmin = Tamb Ss T max 


Output Voltage Swing 


Tmin S$ Tamb < Tmax Ri 22 kQ 


f SGS-THOMSON 
J7 MicRomecTRomes | 
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LM124,A-LM224,A-LM324,A-LM2902 


ELECTRICAL CHARACTERISTICS (continued) 


Symbol Parameter 324A 324, 2902 
_Min. | Typ. | Max. | Min. | Typ. |Max. | 
High Level Output Voltage 7 re 
(Voc = + 30 V) 

Tamb = + 25 °C = 26 27 26 27 

Tmin S Tamb S Tmax 

Tamb = + 25 sc @ = 

T min s Tamb s T max 


VoL Low Level Output Voltage 
(RL < 10 kQ) 
Pant = + 25 °C 
T min s Tamb Ss T max 


Slew-rate (Vj; = 0.5 to3 V, Rt =2 kQ 
CL < 100 pF, Tamp = + 25 °C, unity gain 
Voc = 15 V) 


GBP Gain Bandwidth Product, Vec = 30 V 
(f = 100 KHz, Tamp = + 25 °C, Vin = 10 mV 
Ry =2 kQ, CL = 100 pF) 


THD Total Harmonic Distortion 
(f= 1 kHz, Ay =20 GB, Ri =2 kQ, Vo =2 Vop 
CL < 100 pF, Tamb = + 25 °C, Voc = 30 V) 


Vn Equivalent Input Noise Voltage nV/VHz 
(f= 1 kHz, Rg = 100 Q, Voc =30 V) 40 40 
DVi0 Average Temperature Coefficient 
pA/°C 
10 300 10 300 


of Input Offset Voltage 
T min = Tamb Ss T max 
Average Temperature Coeff. 
of Input Offset Current 
Tmin S$ Tamb S$ = 
Notes: 1. Short-circuits from the output to Vcc can cause excessive heating if Vcc > 15 V. The maximum output current 
is approximatively 40 mA independent of the magnitude of Vcc. Destructive dissipation can result from simul- 
taneous short-circuits on all amplifiers. 
2. The direction of the input current is out of the IC. This current is essentialy constant, independent of the state 
of the output so no loading change exists on the input lines. 
Vo=1.4V,R5=0,5V <Vcec < 30V,0<Vi< Veco—1.5 V. 
The input common-mode voltage of either input signal voltage should not be allowed to go negative by more 
than 0.3 V. The upper end of the common-mode voltage range is Vcc — 1.5 V, but either or both Inputs can go 
to + 32 V without damage. 
Due to the proximity of external components insure that coupling is not originating via stray capacitance be- 
tween these external parts. This typically can be detected as this type of capacitance increases at higher fre- 
quences. 
6 This input only exist when the voltage at any of the input leads is driven negative. It is due to the collector- 
base junction of the input PNP transistor becoming forward biased and thereby acting as Input diode clamps. 
In addition to this diode action, there is also NPN parasitic action on the IC chip. This transistor action can 
cause the output voltages of the Op-amps to go to the Vcc voltage level (or to ground for a large overdrive) 
for the time duration than an input is driven negative. 
This is not destructive and normal output will set up again for input voltage higher than — 0.3 V. 
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GAIN BANDWIDTH PRODUCT (MHz) 


INPUT BIAS CURRENT 
vs AMBIENT TEMPERATURE 


LM124/224/324 


0 
-55 -35 -15 5 25 45 65 85 105125 
AMBIENT TEMPERATURE (°C) 


E88LM124-02 


INPUT VOLTAGE RANGE 


Negative 


INPUT VOLTAGE (V) 


POWER SUPPLY VOLTAGE (V) 
E88LM124-04 


GAIN BANDWIDTH PRODUCT 


GBP (MHz) 


55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


E88LM124-06 


ky 


LM124,A-LM224,A-LM324,A-LM2902 


CURRENT LIMITING (Note 8) 


< 
= 
= 
= 
Lu 
oc 
oc 
a) 
oO 
K 
~ 
o. 
= 
0 
-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 
E88LM124-03 
SUPPLY CURRENT 
< 
2 
— 
= 
uu 
om 
joa 
> 
© 
> 
=d 
o. 
o. 
~ 
7] 


POWER SUPPLY VOLTAGE (V} 
E88LM124-05 


COMMON-MODE REJECTION RATIO 
120 


COMMON-MODE REJECTION RATIO (dB) 
2 


100 Tk 10k 100k 1M 


FREQUENCY (Hz) 
E88LM124-07 
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LM124,A-LM224,A-LM324,A-LM2902 


OPEN LOOP FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY RESPONSE 
140 20 
120 
5 100 o 
z Voy2° 2 
<q 60 G = © 
o Véc=+30V & z 
o 60 — 55°C < Tamb< + 125°C 4 
q 
E 5 
oO 40 o. \ 
> 1 5 
20 éc= +10 to +15V & ro) bs: 
ee 1A SU 
0 0 _ 
1.0 10 100 1.0k 10k 100k 1.0M 10M 1k 10k 100k 1M 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88LM124-08 E88LM124-09 
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS 


(CURRENT SINKING) 


= 
- 10 
a 
> > 
= w 1 
oO. 4 
Fr F 
2 | 
oO O 
: > 
2 5 on 
Lu a 
© 5 
q 
- o 
ad 
(eo) 
> 
5 001 
a. 0.001 oor 0.1 1 10 100 
~ TIME (ps) OUTPUT SINK CURRENT (mA) 
E88LM124-10 E88LM124-11 
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS 
(SMALL SIGNAL) (CURRENT SOURCING) 
500 S a 
Q 
7 
> 450 O 
E Fg 
oO O 
= ul 
| [om 
g _ 
i. 350 x 
ui 3 
5 e 
o 300 re 2 
oO 
> 
250 5 1 
0 1 2 3 4 5 6 7 8 oa 0.001 001 0.1 1 10 100 
kK 
— 
TIME (ys) © —_ QUTPUT SOURCE CURRENT (mA) 
E88LM124-12 E88LM124-13 
oye 7 SGS-THOMSON 
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LM124,A-LM224,A-LM324,A-LM2902 


INPUT CURRENT VOLTAGE GAIN 


a ~ 
E m 
E 3 

2 
ial — 

ef 
ce oO 
3 o 
5 = 
G. a 
2 > 

0 10 20 30 
POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V) 
E88LM124-14 E88LM124-15 
POWER SUPPLY & COMMON MODE 
oe REJECTION RATIO Avd ape LARGE SIGNAL VOLTAGE GAIN 
120 


LWW 
a z 
<x 
= O 
>m 110 
SF igs g 
© 
BE 100 Sane eae Hi 
er Rae LE ae > 440 
2 wl 
29 <i = 
a O 
om (88 O 105 
Oo 
Tia 75 ox 
5 70 s 100 
oO. -55-35-15 5 25 45 65 85 105125 -55 -35-15 5 25 45 65 80 105125 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
E88LM124-16 E88LM124-17 
{57 SGS-THOMSON ee 
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LM124,A-LM224,A-LM324,A-LM2902 


TYPICAL SINGLE - SUPPLY APPLICATIONS 
AC COUPLED INVERTING AMPLIFIER 


(As shown Avy = — 10) 


vit R2 
CC 100 k2 
0 


E88LM124-18 


AC COUPLED NON-INVERTING AMPLIFIER 


E88LM124-19 
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LM124,A-LM224,A-LM324,A-LM2902 


TYPICAL SINGLE - SUPPLY APPLICATIONS (continued) 
NON-INVERTING DC GAIN 


Ap tee 
R4 


(As shown Ay = 101) 


E88LM124-20 


DC SUMMING AMPLIFIER 


100 k& 


€9o =e, + e2 - @€3 - &4 
where (e7 + e7)>(e3 + e4) 
to keep eg 20 V 


E88LM124-21 
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LM124,A-LM224,A-LM324,A-LM2902 


TYPICAL SINGLE SUPPLY APPLICATIONS (continued) 
HIGH INPUT Z ADJUSTABLE GAIN DC INSTRUMENTATION AMPLIFIER 


lf Ri = Rs and Rg = R4 = Re = R7 


a 2 Ry 
G0 = +R (e2 - e1) 


As shown €o = 101 (e2- e1) 


E88LM124-22 


LOW DRIFT PEAK DETECTOR 


input current 
compensation 


* Polycarbonate or polyethylene E88LM124-23 
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LM124,A-LM224,A-LM324,A-LM2902 


TYPICAL SINGLE SUPPLY APPLICATIONS (continued) 
ACTIVE BANDPASS FILTER 


fo =1 kHz 
Q=50 
Ay = 100 (40 dB) 


E88LM124-24 
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LM124,A-LM224,A-LM324,A-LM2902 


TYPICAL SINGLE SUPPLY APPLICATIONS (continued) 
HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER 


e 


= R 
as (CMRR depends on this resistor ratio match) 
3 


_(,, 
€0 = + "R, (@2 — e1) 


As shown €o = 2 (€2 — €1) 


E88LM124-25 


Aux. amplifier for input 
current compensation 


E88LM124-26 
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LM124,A-LM224,A-LM324,A-LM2902 


PACKAGE MECHANICAL DATA 
14 PINS ~ N SUFFIX — PLASTIC PACKAGE — J SUFFIX — CERDIP PACKAGE 


(1) Nominal dimension 
(2) True geometrical position 


| 4 PINS 


0.4 


min. 


1.75 max. 


14 PINS 


{7 SGS-THOMSON Pe ee 
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LM124,A-LM224,A-LM324,A-LM2902 


PACKAGE MECHANICAL DATA (continued) 
20 PINS — GC SUFFIX — TRICECOP (LCC) 


OR oe es et, (Gy SGS-THOMSON 
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LM134 
LM234-LM334 


THREE TERMINAL ADJUSTABLE CURRENT SOURCES 


» OPERATES from 1 V to 40 V 

n 0.02 % V CURRENT REGULATION 

ns PROGRAMMABLE from 1 pA to 10 mA 
2 +3 % INITIAL ACCURATY 


DESCRIPTION 


The LM134/LM234/LM334 are 3-terminal adjusta- 
ble current sources characterized by : 

- an operating current range of 10000 : 1 

-~ anexcellent current regulation 

- awide dynamic voltage range of 1 V to 40 V 


The current is determined by an external resistor wi- 
thout requiring other external components. 


Reverse voltages of up to 20 V will only draw a cur- 
rent of several microamperes. This enables the cir- 
cuit to operate as a rectifier and as a source of cur- 
rent in a.c. applications. 


For the LM134/LM234/LM334, the voltage on the 
control pin is 64 mV at + 25 °C and is directly pro- 
portional to the absolute temperature (°K). The sim- 
plest external resistor connection generates a cur- 
rent with = 0.33 %/°C temperature dependence. Ze- 
ro drift can be obtained by adding an additional re- 
sistor and a diode to the external circuit. 


PIN CONNECTION 


(bottom view) 


E88LM134-01 


December 1988 


i 


Z 
TO92 
(Plastic Package) 


(order code at the end of the Datasheet) 


BLOCK DIAGRAM 


E88LM134-02 
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LM134-LM234-LM334 


ABSOLUTE MAXIMUM RATING 


Symbol Parameter | LM134, LM234 LM334 


Voltage V~ to V~ V 
Forward 40 30 
Reverse 20 20 
V'apy_| ADJ Pin to V~ Voltage 
10 


Iset Set Current 


Pro} Power Dissipation 400 400 
T stg Storage Temperature Range - 65 to + 150 


Operating Free-air Temperature Range °C 
LM134 — 55 to + 125 


Toper 


LM234 — 25 to + 100 
LM334 0 to + 70 


THERMAL DATA 
Rthu-c) | Maximum Junction-case Thermal Resistance 60 °C/W 
Rtyy-a) | Maximum Junction-ambient Thermal Resistance 200 °C/W 


SCHEMATIC DIAGAM 


E88LM134-03 
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LM134-LM234-LM334 


ELECTRICAL CHARACTERISTICS 
T, = + 25 CT with pulse testing so that junction temperature does not change during testing. 


(unless otherwise specified) 
LM134 - LM234 


Parameter 


Set Current Error (V* = +4 25 V) - Note 1 
10 tA < Ilser < 1 MA 

1mA<Isets 5 MA 
2 tA < Iser $ 10 WA 


Ratio of Set Current to V~ Current 
10 uA <IsetS1mMA 
1mA<Iser <5 mA 
2utA < Iser $< 10 pA 


Minimum Operating Voltage 
2uA <Iset < 100 pA 
100 HA < Iser ¢< 1 MA 
1mA<Iser <5 mA 


Average change in set current with input voltage 
2uA<lset s 1 mA 
+15V<V*<4+5V 
+5V<eV"<+40V 
1mA<Ise1<s5 mA 
+15VsV*S+5V 
+5 VS V*°S+40V 


Temperature Dependence of set current - (note 2) 
(25 tA < Ilser < 1 MA) Eee 1.04 T}0.96 T a 


A Sa 


Notes: 1 Set current is the current flowing into theV * pin. It Is 1s by the following formula | __ = 67.7 PF | 
(T, = + 25°C). 
Set current error is expressed as a percent deviation from this amount. 
2. Iset IS directly proportional to absolute temperature (°K) Iset at any temperature can be calculated from Iset = lo (T/To) 
where Io 1s Iset measured at To (°K). 
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LM134-LM234-LM334 


OUTPUT IMPEDANCE 


MAXIMUM SLEW RATE FOR LINEAR OPERATION 


sg) 


ICONIC 
oa INS 
0 a 4 eh 
EN 
i i 


oO =) 


_ - 


10 


103 


(87/A) 3iV¥H MZ1S 


10 k 


es a a ae 


ICO a 
TCI 


2 ee ee ee ee See ee 


0 A 
Gs a 


TOA TT 
i TA 


ey. a 
rere Sia 


OIE IE 
MLM Te | 


1k 


100 


10 


106 


(8) SONVG3adWI 


FREQUENCY (Hz) 


E88LM134-05 


Iset = (uA) 


E88LM134-04 


TRANSIENT RESPONSE 


START UP 


(%) *®SiVv 


TIME (SCALE CHANGES AT EACH CURRENT LEVEL) 


TIME (SCALE CHANGES AT EACH CURRENT LEVEL). 


E88LM134-07 


E88LM134-06 


CURRENT NOISE 


VOLTAGE ACROSS Reet 


100 k 


E88LM134-09 


Nata RL eae 
a 


WIC co 
Me I 


eo 


(ZHA/W4) LNAYYND 


(AW) JOYLIOA 


E88LM134-08 


FREQUENCY (Hz) 


TEMPERATURE (°C) 


MICROELECTRONICS 
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LM134-LM234-LM334 


TURN-ON VOLTAGE 


Iset (mA) 


Ae 


Vt to V—~ VOLTAGE (V) E88LM134-10 


APPLICATION HINTS 


SLEW RATE 


At slew rates above a threshold (see curve) the 
LM134, LM234, LM334 can have a non-linear cur- 
rent characteristic. The slew rate at which this takes 
place is directly proportional to Iset. At Iset = 10 LA, 
dv/dt max. = 0.01 V/uS ; at Ise = 1 mA, dv/dt 
max. = 1 V/uS. Slew rates of more than 1 V/uS do 
not damage the circuit nor do they produce high cur- 
rents. 


THERMAL EFFECTS 


Internal heating can have a significant effect on cur- 
rent regulation for an Iset above 100 yA. For exam- 
ple, each increase of 1 V in the voltage across the 
LM134 at Iset = 1 mA will increase the junction tem- 
perature by = 0.4 °C (in still air). The output current 
(Iset) Nas a temperature coefficient of about 
0.33 %/°C. Thus the change in current due to the in- 
crease in temperature will be (0.4) (0.33) =0.132 %. 
This is a degradation of 10 : 1 in regulation versus 
the true electrical effects. Thermal effects should be 
taken into account when d.c. regulation is critical 
and lset is higher than 100 pA. The dissipation of the 
connections of CB-97 package can reduce this ther- 
mal effect by a coefficient of more than 3. 


SHUNT CAPACITANCE 


In certain applications, the 15 pF value for the shunt 
capacitance should be reduced : 

- because of loading problems, 

- because of limitation of the output impedance of 
the current source in a.c. applications. This reduc- 
tion of the capacitance can be easily carried out by 
adding a FET as indicated in the typical applications. 
The value of this capacitance can be reduced by at 


RATIO OF Ise¢ to V © CURRENT 


-_- ; 


RATIO 
m 


1072 107! 10 


Iset (MA) E88LM134-11 


least 3 pF and regulation can be improved by an or- 
der of magnitude without any modification of the d.c. 
characteristics (except for the minimum input vol- 
tage). 


NOISE 


The current noise produced by LM134, LM234, 
LM334 is about 4 times that of a transistor. If the 
LM134, LM234, LM334 is utilized as an active load 
for a transistor amplifier, the noise at the input will 
increase by about 12 GB. In most cases this is ac- 
ceptable, and a single amplifier can be built with a 
voltage gain higher than 2 000. 


LEAD RESISTANCE 


The sense voltage which determines the current of 
the LM134, LM234, LM334, is less than 100 mV. At 
this level, the effects of the thermocouple and the 
connection resistance should be reduced by loca- 
ting the current setting resistor close to the device. 
Do not use sockets for the ICs. A contact resistance 
of 0.7 Q is sufficient to decrease the output current 
by 1% atthe 1 mA level. 


SENSING TEMPERATURE 


The LM134, LM234, LM334 are excellent remote 
controlled temperature sensors because their ope- 
ration as sources of current preserves their accura- 
cy even in the case of long connecting wires. The 
output current is directly proportional to the absolute 
temperature in degrees Kelvin according to the fol- 
lowing equation. 
(227 pV/°K) (T) 

Iset = Pies ae 

set 
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LM134-LM234-LM334 


The calibration of the LM134, LM234, LM334 is sim- 
plified by the fact that most of the initial accuracy is 
due to gain limitation (slope error) and not an offset. 
Gain adjustment is a one point trim because the out- 
put of the device extrapolates to zero at 0 °K. 


Initial output 


Desired output 


E88LM134-12 


TYPICAL APPLICATIONS 


Figure 1 : Basic 2-terminal Current Source. 


E88LM134-13 


This particularity of the LM134, LM234, LM334 is il- 
lustrated in the above diagram. Line abc represents 
the sensor current before adjustment and line a'b’c’ 
represents the desired output. An adjustment of the 
gain provided at T2 will move the output from b to 
b’ and will correct the slope at the same time so that 
the output at T1 and T3 will be correct. This gain ad- 
justment can be carried out by means of Reet or the 
load resistor utilized in the circuit. After adjustment, 
the slope error should be less than 1 %. A low tem- 
perature coefficient for Rset is necessary to keep this 
accuracy. A 33 ppm/°C temperature drift of Reset will 
give an error of 1 % on the slope because the resis- 
tance follows the same temperature variations as 
the LM134, LM234, LM334. Three wires are requi- 
red to isolate Rset from the LM134, LM234, LM334. 
Since this solution is not recommended. Metal-film 
resistors with a drift less than 20 ppm/°C are now 
available. Wirewound resistors can be utilized when 
very high stability is required. 


Figure 2 : Alternate Triming Technique. 


E88LM134-14 


*For +10 % adjustment, select Rser 10 % high and make 
R1 = 3 Reset 
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LM134-LM234-LM334 


Figure 3 : Terminating Remote Sensor for Voltage Figure 4 : Zero Temperature Coefficient Current 
Output. Source. 


Re 


\ E88LM134-16 


* For + 10% adjustment, select Ree: 10 % high and make 


Vo = (Isex) (Ri) = 10 mvV/*K E88LM134-15 R1 = 3 Rset 


Reset = 230 Q 
Ri = 10 kQ 


Figure 5 : Low Output Impedance Thermometer. Figure 6 : Low Output Impedance Thermometer. 


R1 =2302,1% Vo = 10 mv/°C E88LM134-17 
R2=10kQ2,1% Zo< 1002 
R3 = 600 Q 


R1=15kQ E88LM134-18 
* Output impedance of the LM134, LM234, LM334 at the R2=3000 


— Ro R3 = 1002 
where Ro is the equi- = 

, 16 pani R4 = 4.5 kQ 

valent external resistance connected to the V~ pin. This ne- C1=2.2nF 


gative resistance can be reduced by a factor of 5 or more by Vo=10mV/°C 
inserting an equivalent resistor in series with the output. Zo<22 


"ADu" pin is approximately 
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SF imucrostecrnomes 
487 


LM134-LM234-LM334 


Figure 7 : Micropower Bias. Figure 8 : Low Input Voltage Reference Driver. 


R1=1.5kQ 

R2=1200 

C1 =0.1 pF 

los 3 mA 

Vi* > Vret + 200 mV E88LM134-20 


Reet = 68 kQ BPE MISTY Vo =VZ+ 64 mV @ + 25°C 


Figure 9 : In-line Current Limiter. Figure 10 : Fet cascading for low capacitance. 


Q* Vos > 1.2V 


OP AMP 


Vy 


E88LM134-22 


E88LM134-21 * Select Q to ensure at least 1 V across the LM134, LM234, 


* Use minimum value required to ensure stability of protec- ae Iser/Ioss) > 1.2 V 


ted circuit. 


8/9 
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LM134-LM234-LM334 


ORDER CODES 


Part Number Temperature 
Range aaa: amnene: 
LM134 — 55 °C to + 125 °C 
LM234 - 25 CC to + 100 °C 
LM334 0Cto+ 70° 
Example : LM134Z 


PACKAGE MECHANICAL DATA 
3 PINS - PLASTIC PACKAGE TO92 


12,70 min, 


35 mar 


0.35mi : | 3 Curputs 


Retail output secton 
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ky SGS-THOMSON LM135 
7 cROELECTROMICS LM235-LM335,A 


PRECISION TEMPERATURE SENSORS 


mn DIRECTLY CALIBRATED IN °K 
a 1°C INITIAL ACCURACY 
» OPERATES FROM 400 pA TO5 mA 


a LESS THAN 1 Q DYNAMIC IMPEDANCE Nat 


D 
SO8 
(Plastic Micropackage) 


DESCRIPTION 


The LM135, LM235, LM335 are precision tempera- 
ture sensors which can be easily calibrated. They 
operate as a 2-terminal Zener and the breakdown 
voltage is directly proportional to the absolute tem- 
perature at 10 mV/°K. The circuit has a dynamic im- 


Wy 


pedance of less than 1 © and operates within a Z 

range of current from 400 A to 5 mA without alte- TOS92 
ration of its characteristics. Calibrated at + 25 °C, (Plastic Package) 
the LM135, LM235, LM335 have a typical error of 


less than 1 °C over a 100 °C temperature range. Un- (order codes at the end of the Datasheet) 
like other sensors, the LM135, LM235, LM335 have 
a linear output. 


PIN CONNECTION 


SO8 TO92 
Top view bottom view 


E88LM135-01 E88LM135-02 
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LM135-LM235-LM335,A 


ABSOLUTE MAXIMUM RATINGS 


Symbol| Parameter | kz | kMi235 | L335, A_| Unit | 


Current mA 
IR Reverse 15 15 15 
Ir Foward 10 10 10 
; C 


Operating Free-air Temperature Range (note 1) 
Continuous 
Intermittent 


~ 55to+150/-— 40to+125|/-— 40to+100 
+ 150 to + 200] + 125 to + 150] + 100 to + 125 


Note: 1. T,< 150°C. 


THERMAL DATA 


SCHEMATIC DIAGRAM 


13.8 kQ 


E88LM135-03 


2/11 
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LM135-LM235-LM335,A 


TEMPERATURE ACCURACY 


LM135 - LM235 
LM335 
Symbol Parameter LM335A twas 


[| Min. | Typ. | Max.| Min. | Typ. |Max. | 


Operating Output Voltage V 
(Tcase = + 25 °C, In = 1 mA) 2.95 | 2.98 | 3.01 | 2.92 ; 298 | 3.04 


Uncalibrated Temperature Error (IR = 1 mA) 
‘Tesco = + 25 a 


T (min) < Tease < T (max) 


Temperature Error with 25 °C Calibration 
(T (min) < Tease < T (max); Ip = 1 mA) 


LM135 - LM235 
LM335 


Calibrated Error at External Temperature 
hese = T (max) (intermittent) 


LM135 - LM235 
LM335 
LM335A 


arameter Min. 
Operating output voltage change with current mV 
(400 tA < IR < 5 mA at constant temperature). 2.5 10 3 14 
Output Voltage Temperature Drift oo ee ee mvV/°C 


Time Constant 
Still Air 
Air 0.5 m/s 
Stirred Oil 


Time Stability (Tease =+ 125 °C) 


Note: 1. Accuracy measurements are made in a well-stirred oil bath For other conditions, self heating must be considered 
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LM135-LM235-LM335,A 


REVERSE VOLTAGE CHANGE 


CALIBRATED ERROR 


S$ 
—E 4 
Ua ~ 
oO O 
| o. 
5 S 
WwW [omg 
a 0 
eS 
> 7 
w co 
z © 7 a 
> | 0 
wd 
[ag 
0 td 
0 2 4 6 8 
; REVERSE CURRENT (mA) TEMPERATURE (°C) 
E88LM135-04 E88LM135-05 
REVERSE CHARACTERISTICS RESPONSE TIME 
4 , 
a co she ad 
t Ss | fou 
: -_- 3 ttt! 
a ae S a ee 
ty EE 
| Lu 
3 = : | 
4 = ae eo LE | 
: = BAe eee 
rf ig 2 rT fink | of TT TT 
a <a Pe a (ie (nee ay SS 
Ca a a ee 
0 1 2 3 4 5 
REVERSE VOLTAGE (V) TIME (us) 
E88LM135-06 E88LM135-07 
DYNAMIC IMPEDANCE NOISE VOLTAGE 
S 
uJ 
S o 
= 
~ 
i z 
2 z 
3) e) 
S 2 
< 
= 
> 
Q 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88LM135-08 E88LM135-09 
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LM135-LM235-LM335,A 


THERMAL TIME CONSTANT 


THERMAL RESISTANCE JUNCTION TO AIR 


(8) LNVLSNOO AWIL 


(M/Do) SONVLSISAY TWINYSHL 


AIR VELOCITY (m/s) 


AIR VELOCITY (m/s) 


E88LM135-11 


E88LM135-10 


THERMAL RESPONSE IN STIRRED OIL BATH 


THERMAL RESPONSE IN STILL AIR 


(%) SNIVA IVWNid dO LN3DYad 


Ee Ne : 
7) o Oo fo) fo) 
(en) fee) wo N 


oO 
T 


=- 


(%) ANIVA IVWNId JO LNA0YSd 


TIME (s) 


TIME (min) 


E88LM135-13 


E88LM135-12 


FORWARD CHARACTERICS 


EE i Sl ee ee ee 


(A) SDVLIOA GYVMueO4 


10! 


FORWARD CURRENT (mA) 


E88LM135-14 
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LM135-LM235-LM335,A 


APPLICATION HINTS 
There is an easy method of calibrating the device 
for higher accuracies (see typical applications). 


The single point calibration works because the out- 
put of the LM135, LM235, LM335 is proportional to 
the absolute temperature with the extrapolated out- 
put of sensor going to 0 V at 0 °K (— 273.15 °C). Er- 
rors in output voltage versus temperature are only 
slope. Thus a calibration of the slope at one tempe- 
rature Corrects errors at all temperatures. 


The output of the circuit (calibrated or not) can be 
given by the equation : 


T 
Vot = VOTo x a 


where T is the unknown temperature and To is the 
reference temperature (in °K). 


TYPICAL APPLICATIONS 


Basic Temperature Sensor. 


Output 
10 mV/°K 


E88LM135-15 


Calibrated Sensor. 


Output 
10 mV/°K 


10 k&Q2° 


a 


* Calibrate for 2.982 V at + 25 °C. E88LM135-17 


Nominally the output is calibrated at 10 mV/°K. 


Precautions should be taken to ensure good sen- 
sing accuracy. As in the case of all temperatures 
sensors, self heating can decrease accuracy. The 
LM135, LM235, LM335 should operate with a low 
current, but sufficient to drive the sensor and its ca- 
libration circuit to their maximum operating tempe- 
rature. 


If the sensor is used in Surroundings where the ther- 
mal resistane is constant, the errors due to self hea- 
ting can be externally calibrated. This is possible if 
the circuit is biased with a temperature stable cur- 
rent. Heating will then be proportional to zener volt- 
age and therefore temperature. In this way the er- 
ror due to self heating is proportional to the absolute 
temperature as scale factor errors. 


Wide Operating Supply. 


+5to +40 V 


LM 134, LM 234 
LM 334 


68 92 


Output 
10 mV/°K 


E88LM135-16 


Average Temperature Sensing. 


6 kQ2 


Output 
30 mV/°K 


E88LM135-18 
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LM135-LM235-LM335,A 


Isolated Temperature Sensor. 


Output 
10 mV/°K 


27 kQ 100 kQ 
= a 


1N4148 1000 pF 


-15V | 
\ 


E88LM135-19 


Simple Temperature Controller. 


410 V to +30 V 


Heater 


1N4568 B 0.01 
4 10 k$2 pe 
3 


LM135 
— i LM235 


LM335 


E88LM135-20 
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LM135-LM235-LM335,A 


Centigrade Thermometer. 


* Adjust for 2 73 V at : } Output 
output of LM308 , I " ( 10 mV °C 


f 85 kk 
; WN 


J 2 ko" 


E88LM135-21 


Differential Temperature Sensor. 


200 k92 


Output 
100 mV /°C 


E88LM135-22 
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LM135-LM235-LM335,A 


THERMOCOUPLE COLD JUNCTION COMPENSATION 


Compensation for Grounded Thermocouple. 
Thermo- Seebeck 
—_ Coefficient 


52.3 wV/°C 
42.8 wV/°C 
40.8 uV/°C 
6.4 pV/°C 


Adjustments : compensates for both sensor 
and resistor tolerances. 

1. Short 1N4568. 

2. Adjust R1 for SEEBECK coefficient 
ambient temperature (in degrees K) 


R3. 

3. Short LM135 and adjust R2 for voltage 
across R3 correspon-ding to thermocouple 
type. 

J 14.32 mV K 11.17mV 
T 11.79mV S 1.768 mV 


Thermocouple 


E88LM135-23 


* Select R3 for proper thermocouple type. 


Single Power Supply Cold Junction Compensation. 


52.3 wv/°C 
42.8 nV/°C 
40.8 nV/°C 

200 k&2 6.4 uV/°C 


Adjustments : 

1. Adjust R1 for the voltage across R3 equal 
to the SEEBECK coefficient ttmes ambient 
temperature in degrees Kelvin. 

2. Adjust R2 for voltage across R4 correspon- 
ding to thermocouple. 

J 14.32 mV K 11.17mV 
T 11.79mV S 1.768 mV 


Thermocouple 


E88LM135-24 


* Select R3 and R4 for proper thermocouple type. 
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LM135-LM235-LM335,A 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC MICROPACKAGE (SO) 


8 Outputs 


9,35 ran. 


Retail output sectron 
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LM135-LM235-LM335,A 


ORDER CODES 


TemperatureRange 
Part number ; : Package 
Intermittent 


LM135Z — 55 °C to + 150 °C + 150 °C to + 200 °C 
LM2352Z — 40 °C to + 125 °C + 125 °C to + 150 °C 


LM235D — 40 °C to + 125 °C + 125 °C to + 150 °C 
LM335Z ~- 40 °C to + 100 °C + 100 °C to + 125 °C 
LM335D ~ 40 °C to + 100 °C + 100 °@ to + 125 °C 
LM335AZ — 40 °C to + 100 °C + 100 °C to + 125 °C 
LM335AD — 40 °C to + 100 °C + 100 °C to + 125 °C 
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LM139,A 
LM239,A-LM339,A 
LM2901-MC3302 


LOW POWER LOW OFFSET VOLTAGE 


e WIDE SINGLE SUPPLY VOLTAGE RANGE OR 
DUAL SUPPLIES FOR ALL DEVICES: +2V TO 
+36 VOR+1VTO+18V 

a VERY LOW SUPPLY CURRENT DRAIN 

(0.8 mA) INDEPENDENT OF SUPPLY 

VOLTAGE (1 mW/comparator at + 5 V) 

LOW INPUT BIAS CURRENT : 25 nA TYP 

LOW INPUT OFFSET CURRENT :+5 nA TYP 

LOW INPUT OFFSET VOLTAGE :+ 1 mV TYP 

INPUT COMMON-MODE VOLTAGE RANGE 

INCLUDES GROUND 

» LOW OUTPUT SATURATION VOLTAGE : 
250 mV TYP. (lo = 4 mA) 

a DIFFERENTIAL INPUT VOLTAGE RANGE TO 
THE SUPPLY VOLTAGE 

» TTL COMPATIBLE OUTPUTS 


DESCRIPTION 


These devices consist of four independent precision 
voltage comparators with an offset voltage specifi- 
cations as low as 2 mV max for LM339A, LM239A 
and LM139A. All these comparators were designed 
specifically to operate from a single power supply 
over a wide range of voltages. Operation from split 
power supplies is also possible. 


These comparators also have a unique characteris- 
tic in that the input common-mode voltage range in- 
cludes ground even through operated from a single 
power supply voltage. 


PIN CONNECTIONS (top views) 


DIP14 / CERDIP14 


- Output 2 

- Output 1 

- Vic 

- Inverting input 1 

- Non-inverting input 1 
- Inverting input 2 

- Non-inverting 2 

- Inverting input 3 

- Non-inverting input 3 
- Inverting input 4 

- Non-inverting input 4 
- Vc 

- Output 4 

- Output 3 


{ 
2 
3 
4 
5 
6 
7 
8 
9 


OOMOON DONA WN — 
’ | 


—_ 


- NC 
- Output 2 
- Output 1 


- Inverting input 1 
NC 


QUAD COMPARATORS 


DIP14 
(Plastic Package) 
J 
CERDIP14 
(Cerdip Package) 


(Plastic Micropackage) 


ng 


GC 
LCC20 
(Tricecop (LCC)) 


ORDER CODES 


Part Temperature | Package —| 
number| Range __ [wy [ool 6 
LM139,A| — 55 to + 125 °C 
LM239,A| — 40 to + 105 °C 

0 to+ 70°C 
Note : Hi-Rel Versions Available 
Examples : LM139GC, LM139AN, LM2901D 


— 40 to + 105 °C 
MC3302 |— 40 to + 105 °C 


- NC 

- Inverting input 3 

- Non-inverting input 3 
- Inverting input 4 

- NC 


- Non-inverting input 4 
E88LM139-01 NC 


9 10 11 12 13 


- Non-inverting input 1 - VEc 
- Inverting input 2 
- Non-inverting input 2 


- Output 4 
- Output 3 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 
ABSOLUTE MAXIMUM RATINGS 


v 
| Vio_| Differential input voltage | S| | |S 
endl Output Short-circuit to Ground — (note 2) | Continuous | Continuous | Continuous |_| 


36 6 
Prot Power Dissipation — (note 1) 570 570 570 mW 
LM139GC 665 
Toper | Operating Free-air Temperature Range — 55 to + 125 0 to + 70 —-40to+105| °C 
LM239, A |-— 40 to +105 


Storage Temperature Range — 65 to + 150 | — 65 to + 150 | — 65 to + 150 


Notes: 1. Short-circuit from the output to Vcc* can cause excessive heating and eventual destruction. The maximum 

output current is approximately 20 mA, independent of the magnitude of Vtc. 
2. For operating at high temperatures, the LM139, LM139A, LM2901 and MC3302 must be derated based ona 

+ 125 °C max junction temperature and a thermal resistance of 175 °C/W which applies for the device solde- 
red on a printed circuit board, operating in a still air ambient. The LM139 and LM139A must be derated ba- 
sed on a+ 150 °C max junction temperature. 
Riny-a) = 250 °C/W. Devices bonded on a 6 x 3 x 0.15 cm glass-epoxy substrate with 30 mm® of 35 um thick 
copper. 


SCHEMATIC DIAGRAM (1/4 LM139) 


Non-inverting a 
input 


Inverting 
input 


E88LM139-02 


Non- 
inverting 
DIP14 


Inputs 
CERDIP14 


1,2, 13, 14 4,6, 8, 10 Sa re: a 12 3 
$014 re 


LCC20 2,3, 19,20 | 6,9, 12,14 | 8, 10, 13, 16 


* LCC20 : Other pins are not connected 


inverting 
Inputs 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 


ELECTRICAL CHARACTERISTICS 


LM139, A » —55 C <Tamp < +125 
LM239, A, LM2901,MC3302.: —40 © <Tamp < +105 
LM339, A (08027 ae <a 70°C 


(unless otherwise specified) Véc = +5 V; Véc = GND 


LM139A- LM239A | /M139- LM239 
LM339 - LM2901 
Symbol Parameter LM339A MC3302 
| Min. | Typ. | Max. | Min. | Typ. | Max. | 


Vio Input Offset Voltage — (note 3) 
Ar =+25°C 
Tmin S$ Tamb S$ Tmax 
Input Offset Current 
Tame =+ 25°C 
Tmin & Tamb S Tmax 


Input Bias Current (If or I7) nA 
Tamb = + 25 °C — (note 4) 25 100 25 250 
Tmin Tam s Tmax 300 400 


Supply eaneeE RL = 0, Tamb = + 25 °C 
(all comparators) 


Input Common-mode Voltage Range (note 5) 
Tamb =+ 25 °C 


Low Level Output Voltage (Vr >1V, Vi =O V, 
Isink <4 mA) 

Tamb =+ 25 °C 
Tmin S Tamb S$ Tmax 


High Level Output Current ( Vi => 1V, Vj =0 V) 
T amb =+25 °C, Vo =+5V 
T min = Tamb = Tmax; Vo =+30V 


Output Sink Current 
(Vi 2 1V, Tamb = + 25 °C, Vi =0 V, 
Vo < + 1.5 V) 


Response Time — (note 6) 
(VL =+5 V, R_ = 5100 Q, Viret) = + 1.4 V, 
Tamb = + 25 °C) 


tre! Large Signal Response Time (Vi =5 V, 
e; = TTL, Vref) =+1.4 V, ‘Tain =+25 °C) 


Notes: 3 At output switch point, Vo = 1.4 V, Rs = 0 with Vtc = 5 V, and over the full input common-mode range (0 V to 

Vtc — 1.5 V). 

4. The direction of the input current ts out of the IC due to the PNP input stage This current is essenttally 
constant, independent of the state of the output, so no loading charge exists on the reference of input lines. 

5. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more 
than 0.3 V The upper end of the common-mode voltage range is Vtc — 1.5 V, but either or both inputs can 
go to + 30 V without damage 

6. The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 
300 ns can be obtained 

7. Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains 
within the common-mode range, the comparator will provide a proper output state. The low input voltage state 
must not be less than — 0.3 V (or 0.3 V bellow the negative power supply, if used). 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 


SUPPLY CURRENT INPUT CURRENT 
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SUPPLY CURRENT (mA) 


SATURATION VOLTAGE (V) 


SUPPLY CURRENT 


SUPPLY VOLTAGE (V) 


LM139,A-LM239,A-LM339,A-LM2901-MC3302 


LM239,A 
LM2901-MC3302 


INPUT BIAS CURRENT (nA) 


E88LM139-08 


OUTPUT SATURATION VOLTAGE 


OUTPUT SINK CURRENT (mA) 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) 


OUTPUT VOLTAGE (V) 


INPUT VOLTAGE (mV) 


E88LM139-10 


RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES - POSITIVE TRANSITION 


Input overdrive - 100 mV 


Nie eeriRmew 


| ON. ,  omvV re 
Ree ieee 
from TT sy LL 


| 
a ee 


0 0.5 1 1.5 2 


TIME (ps) 
E88LM139-12 


ky SGS-THORISON 


MICROELECTRONICS 


SUPPLY CURRENT 


SUPPLY VOLTAGE (V) 


E88LM139-09 


RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES~NEGATIVE TRANSITION 


TIME (ys) 


E88LM139-11 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 


TYPICAL APPLICATIONS Vtc=+5V 
BASIC COMPARATOR DRIVING CMOS 


+Viref) © 


-Vitef) o 


E88LM139-13 
E88LM139-14 


DRIVING TTL 


E88LM139-15 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 


TYPICAL APPLICATIONS (continued) 
TIME DELAY GENERATOR 


| }10 ko 15 kal | i 


a 
[so 4] 
V ca 10 kQ 
+ \ =a ee 
f, O 0.001 ® 
0 (re . O2 0 


+ 
Vcc 


< 


WwW 


ia 
° 
|e 
es) 
O 
< 
< 
ion} 
i=) 
| 
L 


< 
? 
< 
-—~ N 


6 
c 


oO 


E88LM139-17 E88LM139-16 


LOW FREQUENCY OP AMP 


E88LM139-18 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 


TYPICAL APPLICATIONS (continued) 
LOW FREQUENCY OP AMP TRANSDUCER AMPLIFIER 


(e9 =0 V for e}=0 V) 


0.5 uF oe 


100 k2 a 


E88LM139-20 


LOW FREQUENCY OP AMP WITH OFFSET ZERO CROSSING DETECTOR (single 
ADJUST power supply) 


+5V 


Offset adjust t 100 ks2 


100 kQ 
5.1 k&2 5.1 kQ2 
[es] ees] 


E88LM139-22 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 


TYPICAL APPLICATIONS (continued) 
TWO-DECADE HIGH-FREQUENCY VCO 


Frequency control 
voltage input 
Vecontrol 


700 Hz< fg < 100 kHz 


E88LM139-23 
LIMIT COMPARATOR CRYSTAL CONTROLLED OSCILLATOR 


Vécl12 V) 


+ Viref) O-1— 
high 


2N 2222 


E88LM139-24 


E88LM139-25 


SPLIT-SUPPLY APPLICATIONS 
ZERO CROSSING DETECTOR COMPARATOR WITH A NEGATIVE REFERENCE 


E88LM139-26 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) True geometrical position 


1 4 PINS 


0.4 
min, 


1.75 max. 


14 PINS 


wie SGS-THOMSON 
: 7 MICROELECTRONICS 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 


PACKAGE MECHANICAL DATA (continued) 
20 PINS — TRICECOP (LCC) 


1,86 max, 


Gy SGS-THOMSON — 
7 MICROELECTRONICS 
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LM146 
LM246-LM346 


PROGRAMMABLE QUAD OPERATIONAL AMPLIFIERS 


=» PROGRAMMABLE ELECTRICAL CHARACTE- 
RISTICS 

a» BATTERY POWERED OPERATION 

a LOW SUPPLY CURRENT (250 pA/amplifier) 

» GAIN-BANDWIDTH PRODUCT : 1 MHz 

a LARGE DC VOLTAGE GAIN : 120 dB 

= LOW NOISE VOLTAGE : 28 nV/VHz 

=» WIDE POWER SUPPLY RANGE :+1.5 V TO 
+22V 

» CLASSE AB OUTPUT STAGE. NO CROSS- 
OVER DISTORTION 

us OVERLOAD PROTECTION FOR INPUTS AND 
OUTPUTS 


DESCRIPTION 


The LM346 consists of four independent, high gain, 
internally compensated, low power programmable 
amplifiers. Two external resistors (Rset) allow the 
user to program the gain-bandwith product, slew 
rate, supply current, input bias current, input offset 
current and input noise. For example the user can 
trade-off supply current for bandwidth or optimize 
noise figure for a given source resistance. In a simi- 
lar way other amplifier characteristics can be tailo- 
red to the application. 


Except for the two programming pins at the end of 
the package the LM346 pin out is the same as the 
LM324 and LM348. 


PROGRAMMING EQUATIONS : 


Total supply current = 1 MA (Iset = 10 LA) 
Gain-bandwith product = 1 MHz (Iset = 10 HA) 


PIN CONNECTIONS (top views) 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
- Voc 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Set 

- Set 

- Output 3 

- Inverting input 3 

- Non-inverting input 3 
- Vec 

- Non-inverting input 4 
- Inverting input 4 

- Output 4 


DIP16 / CERDIP16 
S016 


December 1988 


Slew rate = 0.5 V/us (Iset = 10 WA) 
Input bias current ~ 30 nA (Iset = 10 HA) 
Iset = Current into pin 8 and pin 9 (see schematic 
diagram) leet = Vcc — Vee — 0.6 V 
SOLS ee 
Rset 


\ J 


N — DIP16 — (Plastic Package) 
J — CERDIP16 — (Cerdip Package) 


(Plastic Micropackage) (Tricecop (LCC)) 


ORDER CODES 


Number | “Range _[w[J [0 [ae 


LM146 — 55 C to + 125 °C 
— 40 °C to + 105 °C 
0 °C to + 70 °C 


LM246 
LM346 

Note : Hi-rel Versions Available 
Examples : LM146J, LM246N 


- Non-inverting input 2 
- Inverting input 2 


E88LM1 46-01 


14 
9 10 1112 13 


- NC 

- Output 1 

- Inverting input 4 

- Non-inverting input 1 


- Inverting input 3 
- Non-inverting input 3 
NC 


- Vcc 

- Non-inverting input 4 
- Inverting input 4 

- Output 4 
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LM146-LM246-LM346 


ABSOLUTE MAXIMUM RATINGS 


[Symbol| Parameter ——~=~*~*~d;C<ia |e |e | nt 
[| output Shor-circuit Duration (note 2) | Indefinte | Indefinte | Indefinte |__| 


Power Dissipation N/D Suffix 500 500 mW 
GC Suffix 665 
J Suffix 900 900 900 


Operating Free-air Temperature Range -—- 55 to+125}-40to+105|} Oto+ 70 
Storage Temperature Range — 65 to + 150/— 65 to + 150} — 65 to + 150 


Notes: 1. For supply voltages less than + 15 V, the absolute maximum input voltage is equal to the supply voltage. 
2. Any of the amplifier outputs can be shorted to ground indefinitly ; however more than one should not be simultaneously shorted as 
the maximum junction temperature will be exceeded. 


SCHEMATIC DIAGRAM (1/4 LM146) 


eal ee 
E ag 
Rset | | | Rset 
To other op amps 

Iset § = Iset aa 
SeTT ] | SET | a. 

: ila ale 

al 

KS? aig a1g 4 


V- = 
V 


E88LMi1 46-02 
invertin Véc Véc 
Inputs | “inputs. vec | wae | ums | ser 
CERDIP16 |3,5, 12, 14 | 2,6, 11, 15 13 4 1,7, 10, 16 
S016 
LCC 20 3,8, 14, 19 | 4, 7, 15, 18 2,9,13,20] 10, 12 


* LCC20 : Other pins are not connected. 


: Non- 
Inverting 


ae eee 
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Se Fogg SE9-TH 
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LM146-LM246-LM346 


ELECTRICAL CHARACTERISTICS 


LM346 : 
LM246 : 
LM146 : 


SVR 


CMR 


BN leu 
—40 C$ Tamp $+ 105 °C, Veg = + 15 V, Igor = 
—55 C <Tamb $+ 125 °C, Veg = £15 V, Is e1 


Parameter 


Input Offset Voltage (Rs < 10 kQ) 
amb = 25 ss @: 
Tmin s Tamb s T max 


OC <Tamp $+ 70°C, Veco = +1 


LM146-LM246-LM346 


Input Offset Current 
Tamb = 25 °C 
T min = Tamb < T max 


Input Bias Current 
TFamb = 25 °C 
Tmin < Tamb s T max 


Large Signa! Voltage Gain 
(Vo =+ 10 V, RL = 10 kQ) 
Tamb = 25 °C 
T min < Tamb < T max 
Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S Tamb = T max 
Supply Current, all Amp, no Load 
Tamb = 25 °C 
T min < Tamb < T max 
Input Voltage Range 
Tambd = 25 °C 
T min = Tamb S Tmax 
Common Mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Tmin < Tamb < T max 


Output Short-circuit Current 


Tamb = 25 °C 
Tmin < Tamb = T max 


Output Voltage Swing 
Tans = 25 °C 


Slew-rate V, = =+10V, R~ =10 kQ, C, < 100 pF, 
Tamb = 25 °C, Unity Gain) 


Input Resistance, Tamp = 25 °C 
Input Capacitance, Tamb = 25 °C 
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LM146-LM246-LM346 


ELECTRICAL CHARACTERISTICS (continued) 


LM146-LM246-LM346 
Symbol Parameter 


Vo1/Vo2}| Channel Separation (R_ = 10 KQ) 
(Vo = 12 Vpp) 


GPB Gain Bandwidth Product 
(Vi =10 mV, R_ = 10 KQ, Cy < 100 pF 


f = 100 KHz, Tamb = 25 °C) 


Total Harmonic Distortion 

(f = 1 KHz, Ay = 20 dB, Ry = 10 KQ 
EArt pe Noise ie 

(f =1 KHz Ry = 100 Q) 


jo? INPUT BIAS CURRENT vs Ice as SUPPLY CURRENT vs I sot 
a as Ee Od De Ses ae a 
eee al a a ef Ween 
6 amb v, 
aes a a ee a Aa 
. EEE EE 
co A Bot YL 
‘A ‘4 
=e «+t ir ce em a a a 
5 iH tfe c {4 AH Ft 
oO 
Nelsen Oe ldots wy SEP Atel 
Sol | UAT | Sot | UL 
2 10 ~ 10 /| 
oe ae ee 
ge el a BL es sO ee LS 
6 6 
ee a | fe ee 
LE ET EL LETT TU 
LLU | | LLL UT | UT 
10°! 2 4 6 foe ° 4 6 810 4 6 "102 410" 2 4 6 890 4 6 * 4 6 *102 
SET CURRENT ae SET CURRENT a 
E88LM146-03 E88LM146-04 
al 7 SGS:THOMSON 
MICROELECTRONICS 
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LM146-LM246-LM346 


SLEW RATE Vs Iset 


(sta) hou M31S 


Vec=+15V 
5 Tamb = + 25°C 


10! 
10° 
10-2 
wal 


2 SR a a GL AEN eG es Ge a Ha 
© SG ea oa el a |S GS 


= 0 


stTTTTTTT ETT TTT TT 
TTT TTT TT. 


Se SERS a FR SS Oe eM le 
a | ee 


oO eh a ah Te le at he 


in NU CEEEED 


et = = =- 2 


(ep) NIVS SDVLIOA dOO71 N3dO 


OPEN LOOP VOLTAGE GAIN v 


cee te 


Fe 


= 


ee we 


2 
we 


ger CURRENT (A) 


CURRENT ee 


E88LM146-06 


E88LM146-05 


PHASE MARGIN vs I set 


GAIN BANDWIDTH PRODUCT vs Iset 


Hg CEES HY EE Aa CRE GS OE GT IE a GN SF 
Se ee a ST Ra RE WR HE EF 


eel TTT TTT Ty ce 
o 


eee aa ey 
ETT ATT 


paseo e/ Sap uEeSEEe ea 


(saaiBep) NISHVIN S3SVHd 


FRESE 
2 ee 


(2H) "ionaoud pained NIVD 


"102 


*102 


SET CURRENT ie 


SET CURRENT a 


E88LM146-08 


E88LM146-07 
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LM146-LM246-LM346 


INPUT OFFSET VOLTAGE VS Icot COMMON-MODE REJECTION RATIO vs Iget 
120 


Tamb = + 25 °C 


mo 
> 3 
ar ee 
08 Oo 
E az nee ee ee S 
5 ae a Ba cc 
< ete de ee Ne dL z 
SB 06 2 Bal ee a eA e 
> ee ee ee O 
uJ 
eguesece 
” a A -, a o 
rae | a a Uc ins ( L a 
o” eo SS ee a ee ee ee = 
5 a eee ee ee ee = 
S eel ee eee eee ea z 
© oat et th 2 
= 
Pe ofa oe eC e Mt Ses Seals 9 
a A a ee ee 
6 He ee 9 a 
yor? * ©4o0 ? 4 & Mor ? 102 
SET CURRENT (uA) SET CURRENT (1A) 
E88LM146-09 E88LM146-10 
POWER SUPPLY REJECTION RATIO vs Iset Pee ee eres 
420 
fo 
a 
© 100 
- 
< -_ 
oc 2 
5 2 
~ 80 = 
O o 
ww O 
= 5 
> 60 8 
a 
= 5 
4 a 
= 5 
tr 40 ve) 
S 
ee ee ee 
20 -1 2 4 68 
10 0 
SET CURRENT (uA) 
E88LM146-11 SUPPLY VOLTAGE WI. iesaMid6-12 
a. faz SGS-THOMSON 
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INPUT VOLTAGE RANGE (z V) 


INPUT BIAS CURRENT (nA) 


LM146-LM246-LM346 


INPUT VOLTAGE RANGE INPUT BIAS CURRENT 


=z 
= 
= 
<= 
uu 
cc 
jem 
> 
O 
“” 
< 
fee] 
oc (EL eae ee el 
a ar a a ee a a ee ee 
=a (es eS ee 
Veco =115V ee 
Tamb = + 25°C 
0 4 8 12 16 
15 10 -5 0 5 10 15 
SUPEEY VOETAGE (24) COMMON-MODE INPUT VOLTAGE (V) 
E88LM146-13 E88LM146-14 


INPUT BIAS CURRENT vs TEMPERATURE 


ee eae 


INPUT OFFSET CURRENT vs TEMPERATURE 


100 


80 


q 

wae : 

60 2 
eee : 

Cc 

= 

© 

40 bi 
in 

aL 

(eo) 

Ke 

= ] 

20 z 

0 
5 -35 5 45 £485 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
E88LM146-15 E88LM146-16 
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GAIN BANDWIDTH PRODUCT (Hz) 


SUPPLY CURRENT (mA) 


SUPPLY CURRENT vs TEMPERATURE 


Peale ie leNe oles esl ele 


TEMPERATURE (°C) 


E88LM146-17 


GAIN BANDWIDTH PRODUCT vs TEMPERATURE 


TEMPERATURE (°C) 


E88LM146-19 


yy 


OPEN LOOP VOLTAGE GAIN (dB) 


OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 


TEMPERATURE (°C) 


E88LM146-18 


SLEW RATE vs TEMPERATURE 


10° 
8 
6 


4 


2 


7 eee ee 
rc area ES ET as De Es es MT ee 
ae et ee Dee Ca a ae a a 
i ee ee 
‘oP AER CERES 
5 ¢ 
> 2 
- See eeeeeee 
ee (Sa CR Se DR ea GR ee 
eft own | tT 
oh ae el eases 
eRe ee eEeS 
wt Ett ttt ty 
—75 —35 5 45 85 125 
TEMPERATURE (°C) 
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INPUT NOISE VOLTAGE (nV/vHz) 


POWER SUPPLY REJECTION RATIO (dB) 


INPUT NOISE VOLTAGE vs FREQUENCY 


Vcec=1t15V 
Tamb = +25°C 


FREQUENCY (Hz) 


E88LM146-21 


POWER SUPPLY REJECTION RATIO 


107 10° 104 


FREQUENCY (Hz) 


E88LM146-23 


ky 


INPUT NOISE CURRENT (pA/vHz) 


VOLTAGE SWING (V) 


SGS-THOMSON 
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INPUT NOISE CURRENT vs FREQUENCY 


= 2 os 
~ > oe 
=== ap 


FREQUENCY (Hz) 
E88LM146-22 


VOLTAGE FOLLOWER PULSE RESPONSE 


0 100 200 300 


TIME (ys) 


E88LM146-24 
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LM146-LM246-LM346 


OUTPUT (mV) 


INPUT (mV) 


eee EaRee 
ee ees 


1 2 3 4 5 


ae 
hed 
0 
TIME (ys) 
E88LM146-25 
PACKAGE MECHANICAL DATA 
16 PINS — PLASTIC DIP OR CERDIP 


Datum 
Repere 
(1) Nominal dimension 


(2) True geometrical position 


16 PINS 


10/11 
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TRANSIENT RESPONSE TEST CIRCUIT 


E88LM146-26 


LM146-LM246-LM346 


PACKAGE MECHANICAL DATA (continued) 
16 PINS — PLASTIC MICROPACKAGE (SO) 


20 PINS — TRICECOP (LCC) 


fq SGS-THOMSON elise fee het ete 
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(a, SGS-THOMSON =—sL148-L 248 
SF wicRozLecrRomes LM348 


DIFFERENTIAL INPUT QUAD OP-AMPs 


m LOW SUPPLY CURRENT : 0.53 mA/AMPLI- 
FIER 

a CLASS AB OUTPUT STAGE : NO CROSS- 
OVER DISTORTION 

a PIN COMPATIBLE WITH LM124 

a LOW INPUT OFFSET VOLTAGE : 1 mV 

a LOW INPUT OFFSET CURRENT : 2 nA 

a» LOW INPUT BIAS CURRENT : 30 nA 

=» GAIN BANDWIDTH PRODUCT : 1.3 MHz 

a HIGH DEGREE OF ISOLATION BETWEEN AM- 
PLIFIERS : 120 dB 

» OVERLOAD PROTECTION FOR INPUTS AND 
OUTPUTS 


DESCRIPTION 


The LM148 consists of four independent, high gain 
internally compensated, low power operational am- 
plifiers which have been designed to provide func- 
tional characteristics identical to those of the familiar 
UA741 operational amplifier. In addition the total 
supply current for all four amplifiers is comparable 
to the supply current of a single UA741 type op amp. 
Other features include input offset current and input 
bias current which are much less than those of a 
standard UA741. Also, excellent isolation between 
amplifiers has been achieved by independently bia- 
sing each amplifier and using layout techniques 
which minimize thermal coupling. 


The LM148 can be used anywhere multiple UA741 
type amplifiers are being used and in applications 
where amplifier matching or high packing density is 
required. 


PIN CONNECTIONS (top views) 


DIP14/CERDIP14 

- Output 1 

- Inverting input 1 

- Non-inverting input 1 
Véc 


- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Output 3 

- Inverting input 3 

- Non-inverting input 3 
= Vice 

- Non-inverting input 4 
- Inverting input 4 

- Output 4 


OOnNOOAWN— 
' 


E88LM148-00 


December 1988 


D 
$014 
(Plastic Package) (Plastic Micropackage) 
J 


CERDIP14 
(Cerdip Package) 


(Tricecop (LCC)) 


ORDER CODES 
Part Temperature 
Number Range IN | J [Gc] D_ 
LM148 -— 55 °C to + 125 °C 
LM248 — 40 °C to + 105 °C 
LM348 0 °C to + 70 °C 


Note : Hi-Rel Versions Available 
Examples : LM148J, LM349D 


- NC 

- Output 1 

- Inverting input 1 

- Non-inverting input 1 - Non-inverting 
NC Input 4 

- Inverting input 4 
Output 4 


OONONAAWN — 
ono. 


- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- NC 


9 10 1112 13 


- Output 3 
- Inverting input 3 
- Non-inverting input 3 


E88LM148-01 
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LM148/248/348 


ABSOLUTE MAXIMUM RATINGS 


symbol| Parameter | LM14a | LM24a | L348 | Unit_ 
| Prot | Power Dissipation | S800 S| 500 =S | 500, mw 
|__| Output Short-circuit Duration (note 2) | Indefinite | indefinite | Indefinite | | 


Notes: 1. For supply voltage less than maximum value, the absolute maximum input voltage is equal to the supply vol-tage. 
2. Any of the amplifier outputs can be shorted to ground indefinitely ; however, more than one should not be simultaneously 
shorted as the maximum junction temperature will be exceeded. 


SCHEMATIC DIAGRAM 


E88LM148-02 


; Non- 
Case mverwng inverting Véc Vcc N.C. 
inputs 
Inputs 


DIP14 1, 7, 8, 14 2,6, 9, 13 
CERDIP14/S0O14 


LCC20 2,10, 12,20] 3,9 


*LCC20 : Other pins are not connected. 


13,19] 481418] 6 | 16 
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LM148/248/348 


ELECTRICAL CHARACTERISTICS 
LM148 : —55 C<Tamp $+ 125 °C, Vo 
LM248 : —40 CsTamp $+ 105 °C, V 
LM348 : OC <Tamp $+ 70°C, V 
(unless otherwise specified 


) 


Vio Input Offset Voltage Rs < 10 kQ 
leant = + 25 °C 
T min Ss Tamb s Tmax 


Input Offset Current 
Tamb = + 25 °C 20 
T min < Tamb s T max 40 

Input Bias Current 
Tamb = + 25 °C 100 
Tmin $ Tamb < T max 200 


Large Signal Voltage Gain 
(Vo =+ 10 V, Ri 2 2 kQ) 
Tamb = + 25 °C 
T min < Tamb S T max 


om) 


LM148/248/348 
| Min, | Typ. | Max. | 


SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
aap =+ 25 °C 
T min S$ Tamb < Tmax 
loc Supply Current, all Amp, no Load 


Tamb =+ 25 °C 


CMR 


T min S Tamb S T max : 

Input Voltage Range V 
Tamb = + 25 °C ~ 12 +12 
T min s Tamb S$ T max -12 +12 

(Rs < 10 kQ) 
Tamb = + 25 ® 

los Output Short-circuit Current mA 
Tamb = + 25 °C 10 25 35 
+ Vopp | Output Voltage Swing 


Common-mode Rejection Ratio 
70 110 
T min < Tamb < T max 70 
Tamb =+ 25 °C 


T min < Tamb < Tmax 


Slew Rate 
(V,;=+10V, Rp =2 kQ, C. < 100 pF, 
Tamb = + 25 °C, unity gain) 
Rise Time 
(Vij =+ 20 mV, Ri =2 kQ, CL < 100 pF, 
Tamb = + 25 °C, unity gain) 
Overshoot 

(Vij =+ 20 mV, RL =2 kQ, C_ < 100 pF, 
Tamb = + 25 °C, unity gain) 
Input Resistance, Tamb = + 25 °C 


Gain-bandwidth Product 
(V, =+ 10 mV, Ry, =2 kQ, C_ s 100 pF, 
f = 100 KHz, Tamb = + 25 °C) 


kjj SGS-THOMSON ee 
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LM148/248/348 


ELECTRICAL CHARACTERISTICS (continued) 


LM148/248/348 
Symbol Parameter 
| Min, | Typ. | Max. 
THD Total Harmonic Distortion % 
(f = 1 KHz, Ay = 20 GB, Ri = 2 kQ, 
Vo =2 Vpp, Cr < 100 pF, Tamb = + 25 °C) 
Equivalent Input Noise Voltage nV/VHz 
(f = 1 kHz, Re = 100 Q) 


Channel Separation ane ae as 


INPUT BIAS CURRENT vs AMBIENT 


POWER SUPPLY CURRENT 
vs POWER SUPPLY VOLTAGE TEMPERATURE 


POWER SUPPLY CURRENT 


fecal! 
eae! 
aap 
a 
ee ee 
ae hae 
ee 
ae 
ie ee 
ie ee 


/ 


INPUT BIAS CURRENT IIB (nA) 


0 2 4 6 8 1012 14 16 18 20 22 -55 -35 -15 5 25 45 65 85 105 125 
POWER SUPPLY VOLTAGE AMBIENT TEMPERATURE (°C) 


+ Voo (V 
— *CCc 
E88LM148-03 E88LM148-04 


POSITIVE CURRENT LIMIT NEGATIVE CURRENT LIMIT 


POSITIVE OUTPUT VOLTAGE SWING (V) 
NEGATIVE OUTPUT VOLTAGE SWING (V) 


OUTPUT SOURCE CURRENT (mA) OUTPUT SINK CURRENT (mA) 
E88LM148-05 E88LM148-06 
ang 7, SGS-THOMSON 
SI7  cROELECTRONICS 
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COMMON MODE REJECTION 


LM148/248/348 


OUTPUT VOLTAGE SWING OUTPUT IMPEDANCE 
50 
eo Eee Se eeee 
o | |. Tamb = +25°C S 
2 40 ww 
ro) ===: : 2h 
2 100 be : 
yar < Ay = 100 ita "amet i 
wi ey 30 | ra L, Sait aaa 
ac a Meal! ee alll a TU 
j= oJ ———. 2 
Oo = — ee 
<~s 20 - Ta 
<i) 7 A 
eS) i Ai 
5 ss 
° a FS 
, ai Ba 
0 5 10 15 20 25 100 Tk 10k 100k 1M 
SUPPLY VOLTAGE (V) E88LM148-07 FREQUENCY (Hz) E88LM148-08 
COMMON MODE REJECTION OPEN LOOP FREQUENCY 
RATIO vs FREQUENCY RESPONSE 
Oo 
ZS 
3 5 
oO 
10 100 1K 10K 100K 1M 10M 10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88LM148-09 Beretner ie 
BODE PLOT (LM148) LARGE SIGNAL PULSE RESPONSE (LM148) 
u 
x 
p> Se 
ss on > 
2 
z 9 = 
U) m > 
o 
ae SEE EEE 
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LM148/248/348 


GAIN BANDWIDTH PRODUCT 
vs AMBIENT TEMPERATURE 
55 -35 -15 5 25 45 65 85 105125 


CHADKRONHMTANANKOAHNOM 


(ZHIN) 


SMALL SIGNAL PULSE RESPONSE (LM148) 


(AW) SDV LIOA 


AMBIENT TEMPERATURE (°C) 


TIME (ys) 


E88LM148-17 


SLEW-RATE vs TEMPERATURE 


E88LM148-15 


INVERTING LARGE SIGNAL 
PULSE RESPONSE (LM148) 


See eee eRe 
aces eee a 
Rae ear eae 
See eee 
aes ceeee 


(A) SDVLIOA 


105 125 


85 


“55 -35 -15 5 25 45 65 


0 20 40 60 80 100120 140 160 180 200 


AMBIENT TEMPERATURE (°C) 


TIME (ps) 


E88LM148-20 


E88LM148-19 


100k 
E88LM1 48-22 


= -5 


DISTORSION 


10k 


FREQUENCY (Hz) 


z =z 


UNDISTORTED OUTPUT VOLTAGE SWING 


(A) SDNIMS SDVLIOA LNdLNO GALYOLSIGNN 
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LM148/248/348 


POSITIVE COMMON-MODE NEGATIVE COMMON-MODE 
INPUT VOLTAGE LIMIT INPUT VOLTAGE LIMIT 


POSITIVE COMMON-MODE INPUT 
VOLTAGE LIMIT (V) 

NEGATIVE COMMON-MODE INPUT 
VOLTAGE LIMIT (V) 


POSITIVE SUPPLY VOLTAGE (V) NEGATIVE SUPPLY VOLTAGE (V) 
E88LM148-23 E88LM148-24 
OUTPUT SHORT-CIRCUIT CURRENT EQUIVALENT INPUT NOISE 
- vs AMBIENT TEMPERATURE vs AMBIENT TEMPERATURE 
40 
ime? Ee Fe (a 
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R 32 re) 
= 
5 «30 
kK 
ia 28 5 E 
Cz 26 a [NX 
QE 24 a 
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E88LM148-26 E88LM148-27 


TEST CIRCUITS 


O 
(10 V peak) 


Crosstalk = —20log —°0 — (aB) 
101 xeg 


Vec= t15V 
E88LM148-25 
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LM148/248/348 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) True geometrical position 


| 4 PINS 


1.75 max. 
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PACKAGE MECHANICAL DATA (continued) 
20 PINS - TRICECOP (LCC) 
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LM158,A-LM258,A 


MICROELECTRONICS LM358,A-LM2904-NE532 


LOW POWER DUAL OPERATIONAL AMPLIFIERS 


a INTERNALLY FREQUENCY COMPENSATED. 

m LARGE DC VOLTAGE GAIN : 100 dB 

a» WIDE BANDWIDTH (unity gain) : 1.1 MHz (tem- 
perature compensated) 

m VERY LOW SUPPLY CURRENT/AMPLI 
(500 LA) - ESSENTIALLY INDEPENDENT OF 
SUPPLY VOLTAGE 

a LOW INPUT BIAS CURRENT : 20 nA (tempera- 
ture compensated) 

a LOW INPUT OFFSET VOLTAGE : 2 mV 

nu LOW INPUT OFFSET CURRENT :2nA 

n INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GROUND 

a DIFFERENTIAL INPUT VOLTAGE RANGE 
EQUAL TO THE POWER SUPPLY VOLTAGE 

a LARGE OUTPUT VOLTAGE SWING 0 V TO 
(Vcc — 1.5 V) 


DESCRIPTION 


These circuits consist of two independent, high gain, 
internally frequency compensated which were des- 
igned specifically to operate from a single power 
supply over a wide range of voltages. The low po- 
wer supply drain is independent of the magnitude of 
the power supply voltage. 


Application areas include transducer amplifiers, dc 
gain blocks and all the conventional op-amp circuits 
which now can be more easily implemented in sin- 
gle power supply systems. For example, these cir- 
cuits can be directly operated off the standard + 5 V 
power supply voltage which is used in logic systems 
and will easily provide the required interface elec- 
tronics without requiring any additional power sup- 
ply. 

In the linear mode the input common-mode voltage 
range includes ground and the output voltage can 
also swing to ground, even through operated from 
only a single power supply voltage. 


The gain-bandwidth product is temperature com- 
pensated. 


The input bias current is temperature compensated. 


December 1988 


TO99 
(Metal Can) 


(Plastic Micropackage) 


nd 


GC 
DIP8 LCC20 


(Plastic aera (Tricecop (LCC)) 


CERDIP8 
(Cerdip Package) 


ORDER CODES 


Part Temperature 
Number Range 


— 55 °C to + 125 ao 
— 40 °C to + 105 °C 


Tala 


0 °C to + 70 °C 
0 °C to + 70 °C 
— 40 °C to + 105 °C 


Note : Hi-Rel Versions Available 
Examples : LM158H, LM258N, LM2904D. 
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LM158,A-258,A-358,A-2904-NE532 


PIN CONNECTIONS (top views) 


1-NC 


2 - Output 1 
3- NC 


4-NC 
5 - Inverting input 1 9 10 1112 13 
6- NC 


. 7 - Non-inverting input 1 
- Output 1 - Non-inverting 8-NC 
- Inverting input 1 input 2 9-NC 
- Non-inverting input 1 - Inverting input 2 10 - Ground 19- NC 
- Ground - Output 2 41-NC 20 - Voc 
= Vee 12 - Non-inverting input 2 E88LM158-01 


17 - Output 2 
18- NC 


ABSOLUTE MAXIMUM RATINGS 


/symbot Parameter 


LM158,A 
Supply Voltage + 32 V 
Input Voltage — 0.3 to + 32 | -03 to + 32 |-03 to + 32 V 


LM258, A LM358, A 
LM2904 NE532 


Symbol 

eae 
Differential Input Voltage 
| | Output Short-circuit Duration (note 2) Indefinite | Indefinite | | 
Noah 
os : 


Prot Power Dissipation 500 500 500 W 
LM158GC 665 
50 


Toper | Operating Free-air Temperature Range -55to+125|/-40to+105| Oto+ 70 
Storage Temperature Range — 65 to + 150 | — 65 to + 150 | — 65 to + 150 
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LM158,A-258,A-358,A-2904-NE532 


SCHEMATIC DIAGRAM (1/2 LM158) 


es 


on 
Inverting 
input | ++I i tk 
| | Output 
Non -inverting isl ak 
input 


“| Y uA 


— Single Supply 3 V to 30 V 
— Dual supplies +1.5Vto+15V 


: Non- 
CASE one inverting AC 
Inputs 
TO9Y - Eee 


LCC20 


E88LM158-02 


*LCC20 : Other pins are not connected. 
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LM158,A-258,A-358,A-2904-NE532 


ELECTRICAL CHARACTERISTICS 


Véco=+5V, Véc= Ground, Vo = 1.4 V 
(unless otherwise specified) 


LM358,A/NE532. 0. =o <7... <3 700 
LM258,A/LM2904 : _4g qe ct p56 
LM158,A : —55 <Tamp $+ 125 CT 


LM158, LM258 


LM158A, LM258A LM358, LM2904 


Parameter LM358A 


Input Offset Voltage (note 3) 
Tahab = 25 °C 
Tmin S Tamb = T max 


Input Offset Current 
Tamb = 25 °C 
Tin S Tamb < T max 
Input Bias Current (note 4) 
Tamb = 25 °C 
T min S Tamb < T max 


Large Signal Voltage Gain 

(Vec = + 15 V, Re 2 2 kQ) 

(Vo = 1.4 V to 11.4 V) 
Tamb = 25 °C 


T min < Tamb < T max 


Supply Voltage Rejection Ratio 
(Rs < 10 KQ) 

Tamb = 25 °C 

Tmin S$ Tamb S Tmax 


Supply Current, all Amp, no Load 
Tamb = 25 °C, Veo = + 5 V 
Tamb = 25 °C, Voc = + 30 V 
Tmin $ Tamb S Tmax 


_ ol G 
o We) 
on on 


input Voltage Range (note 6) 
Tamb = 25 °C 


Tmin S Tamb S T max 


Common-mode Rejection Ratio 
(Rs < 10 kQ) (note 3) 

Tamb = 25 °C 

Tmin S$ Tamb S$ Tmax 


Output Short-circuit Current 

(Vj * =+1V,V)=0 V) 
Tamb = 29 °C, Vcc = + 15 V (note 2) 
T min < Tamb s Tmax 


Output Current Sink 

(Vit =-1V, Vv) =0V) 

Veco =+ 15 V Tamb = + 25 °C 
Tmin S$ Tamb S$ Tmax 

Vo =+0.2V Tamb = + 25 °C 
Tmin < Tamb < T max 


© 
on 


re 

oO 

a a a © — 9 Oo nI 
MM Oo Oo oO oo 
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Lhi158,A-258,A-358,A-2904-NE532 


ELECTRICAL CHARACTERISTICS (continued) 


LM158, LM258 


LM158A, LM258A L358, LM2904 


Parameter LM358A 


Output Voltage Swing 
Tamb = 25 °C 


T min S Tamb < T max 


High Level Output Voltage 
(Véc = 30 V) 
Tamb = 25 °C 
Tmin S$ Tamb S Tmax 
Tamb = 25 °C 
T min < Tamb s T max 


Low Level Output Voltage 
(R~ 2 10 kQ) 

Tamb = 25 °C 

Tmin < Tamb s Tmax 


Slew-rate (V; = 0.5 to 3 V, RL =2 kQ 
C_. < 100 pF, Tamb = 25 °C, unity gain) 
Veco = 15 V 


Gain Bandwidth Product 
(f = 100 kHz, Tamp = 25 °C, Vec = 30 V 
Vin = 10 mV, Rc =2 kQ, Cy, = 100 pF) 


THD Total Harmonic Distortion 
(f = 1 KHz, Ay = 20 GB, Rz =2 kQ, Voc = 30 V 
Cr s 100 pF, Tamb = 25 °C, Vo =2 Vpp) 


Va Equivalent Input Noise voltage 
(f = 1 kHz, Rg = 100 2, Vcc = 30 V) 
DV Input Offset Voltage Drift 
Tmin S Tamb S Tmax 
Input Offset Current Drift 
Tain < ‘Tamb s 25 °C 
Vo1/Vo2| Channel Separation (note 5) 
1 kHz < f < 20 kHz 


Notes : 1. This input only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction 
of the input PNP transistor becoming forward biased and thereby acting as input diode clamps. 
In addition to this diode action, there is also NPN parasitic action on the IC chip. This transistor action can cause the out- 
put voltages of the Op-amps to go to the Vcc voltage level (or to ground for a large overdrive) for the time duration that an 
input is driven negative. 
This ts not destructive and normal output will set up again for input voltage higher than — 0.3V. 

2. Short-circuits from the output to Vcc can cause excessive heating if Vec > 15V. The maximum output current is approxi- 
matively 40mA independent of the magnitude of Vcc. Destructive dissipation can result from simultaneous short-circuits 
on all amplifiers. 

3. Vo= 1.4V, Rs = 0, 5V < Voc < 30V, 0 < Vi< Veco — 1.5V. 

4. The direction of the input current is out of the IC. This current is essentially constant, independent of the state of the out- 
put so no loading change exists on the input lines. 

5. Due to the proximity of external components insure that coupling is not originating via stray capacitance between these 
external parts. This typically can be detected as this type of capacitance increases at higher frequences. 

6. The input common-mode voltage of either input signa! voltage should not be allowed to go negative by more than 0 3V. 
The upper end of the common-mode voltage range Is Vcc — 1.5V. 

But either or both inputs can go to + 32V without damage. 
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LM158,A-258,A-358,A-2904-NE532 


LARGE SIGNAL FREQUENCY RESPONSE 


OPEN LOOP FREQUENCY RESPONSE (Note 3) 


140 


(9dA) oNIMS LNdLNO 


<+125°C 


+10 to +15V& 
20 —55°C<Tamb< + 125°C 


Vcc 


100 
80 
60 
40 


(€P) NIV SDVLIOA 


1.0k 10k 100k 1.0M@ 10M 


10 ©6100 
FREQUENCY (Hz) 


10 


FREQUENCY (Hz) 


E88LM158-04 


E88LM158-03 


OUTPUT CHARACTERISTICS 


VOLTAGE FOLLOWER PULSE RESPONSE 


OT TT TS 
2 = = = 


(A) SODVLIOA LAdLNO 


001 10 100 
OUTPUT SINK CURRENT (mA) 


0.001 


(A) SDVLIOA 
LnNdino LINdNi 


(A} ADWLIOA 


TIME (us) 


E88LM158-06 


E88LM158-05 


COMMON-MODE REJECTION RATIO 
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OUTPUT VOLTAGE (mV) 


INPUT CURRENT (mA) 


INPUT VOLTAGE (V) 


LM158,A-258,A-358,A-2904-NE532 


VOLTAGE FOLLOWER PULSE RESPONSE 
(SMALL SIGNAL) 


500 


450 


400 


350 


300 


OUTPUT CHARACTERISTICS 


Tamb 


Tamb = + 25°C 


OUTPUT VOLTAGE REFERENCED TO Véc (V) 


2 
Vec=+30V 
250 ; ore oom am ap oem a @ Ot GE 
Bod: Sa eR BS BB 0001 007 o1 1 10 =: 100 
TIME (ys) OUTPUT SOURCE CURRENT (mA) 
E88LM158-08 E88LM158-09 
INPUT CURRENT (Note 1) CURRENT LIMITING (Note 1) 


q 
E 
- 
2 
Lu 
tc 
a 
= 
oO 
j}- 
> 
a 
Vrer=t+5V > 
ae ie 6 
: 0 
—55 -35 -15 5 25 45 65 85 105 125 -55 -35-15 5 25 45 65 8S 105 125 
te] 
TEMPERATURE (°C) eeaunnieedo TEMPERATURE (°C) EesLM158-11 
INPUT VOLTAGE RANGE SUPPLY CURRENT 


Negative 


Zen 


SUPPLY CURRENT (mA) 
NO 


0 5 10 15 0 
POWER SUPPLY VOLTAGE (+ V) POSITIVE SUPPLY VOLTAGE (V) 
E88LM158-12 E88LM158-13 
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LM158,A-258,A-358,A-2904-NE532 


INPUT CURRENT 


VOLTAGE GAIN 


(v4) LNSYYHND LNdNI 


(9P) NiIVD SDVLIOA 


POSITIVE SUPPLY VOLTAGE (V) 


POSITIVE SUPPLY VOLTAGE (V) 


E88LM158-15 


E88LM158-14 


GAIN BANDWIDTH PRODUCT 


VOLTAGE GAIN 


ef So Th tS 


= ~ 


(ZHW) LONGOYd HLGIMGNVS NIVD 


= 


(€P) NIVD ADVLIOA 


munnanwonna wn oo” 
b anal 


E88LM158-17 


TEMPERATURE (°C) 
COMMON MODE REJECTION RATIO 


E88LM158-16 


POSITIVE SUPPLY VOLTAGE (V) 
POWER SUPPLY REJECTION RATIO 


BPE ereReee 


ae ee) Se | 
ESR ERA e eS 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


E88LM158-19 


E88LM158-18 


MICROELECTRONICS 
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LM158,A-258,A-358,A-2904-NE532 


TYPICAL APPLICATIONS (single supply voltage) Vcc = + 5 Voc 
AC COUPLED INVERTING AMPLIFIER 


Ay = tl (As shown Ay =- 10) 


E88LM158-20 


E88LM158-21 
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LM158,A-258,A-358,A-2904-NE532 


TYPICAL APPLICATIONS (single supply voltage) Vcc = + 5 Voc (continued) 
NON INVERTING DC AMPLIFIER 


E88LM158-22 


where Vo = V1+V2-V3-V4 


(V1+V2) = (V3 + V4) 
to keep Vg = OV 


E88LM158-23 
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LM158,A-258,A-358,A-2904-NE532 


TYPICAL APPLICATIONS (single supply voltage) Vcc = + 5 Vpc (continued) 
HIGH INPUT IMPEDANCE, DC DIFFERENTIAL AMPLIFIER 


fo (CMRR depends on this resistor ratio match) 
R2 R3 


R4 
Vo =(1 —) (V2-V1 
o=(1 + Ra! ( ) 


As shown : Vg =2(V2- V1) E88LM158-24 


USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (general concept) 


Input current compensation 


E88LM158-25 
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LM158,A-258,A-358,A-2904-NE532 


TYPICAL APPLICATIONS (single supply voltage) Vcc = + 5 Vpc (continued) 
HIGH INPUT Z ADJUSTABLE-GAIN DC INSTRUMENTATION AMPLIFIER 


lf Ri =R5 and R3 = R4 = R6= R7 


2 R1 
:——3 1 sean. — 
Vo ( + = (V2-V1} 


As shown : Vg = 101 (V2 — V1) 


E88LM158-26 


Input current 
compensation 


E88LM158-27 
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LM158,A-258,A-358,A-2904-NE532 


TYPICAL APPLICATIONS (single supply voltage) Vcc = + 5 Vpc (continued) 
ACTIVE BAND-PASS FILTER 


1 kHz 
50 
100 (40 dB) 


E88LM158-28 
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LM158,A-258,A-358,A-2904-NE532 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 
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PACKAGE MECHANICAL DATA (continued) 
8 PINS — METAL CAN - TO99 


20 PINS — TRICECOP (LCC) 


1.86 max. 
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ky 


es WIDE SINGLE SUPPLY VOLTAGE RANGE OR 
DUAL SUPPLIES +2V TO+36VOR+1VTO 
+18V 

a VERY LOW SUPPLY CURRENT DRAIN 

(0.4 mA) INDEPENDENT OF SUPPLY 

VOLTAGE (1 mW/comparator at + 5 V) 

LOW INPUT BIAS CURRENT : 25 nA TYP 

LOW INPUT OFFSET CURRENT :+5 nA TYP 

LOW INPUT OFFSET VOLTAGE :+1 mV TYP 

INPUT COMMON-MODE VOLTAGE RANGE 

INCLUDES GROUND 

ps LOW OUTPUT SATURATION VOLTAGE : 
250 mV TYP. (lo = 4 mA) 

a» DIFFERENTIAL INPUT VOLTAGE RANGE TO 
THE SUPPLY VOLTAGE 

ae TTL, DTL, ECL, MOS, CMOS COMPATIBLE 
OUTPUTS 


DESCRIPTION 


These devices consist of two independent precision 
voltage comparators with an offset voltage specifi- 
cations as low as 2 mV max for LM393A, LM293A 
and LM193A. 


All these comparators were designed specifically to 
operate from a single power supply over a wide 
range of voltages. Operation from split power sup- 
plies is also possible. 


These comparators also have a unique characteris- 
tics in that the input common-mode voltage range 
includes ground even through operated from a sin- 
gle power supply voltage. 


PIN CONNECTIONS (top views) 


DIP8 
CERDIP8 


4 
- Output 1 5 - Non-inverting input 2 
- Inverting input 1 6 - Inverting input 2 

- Non-inverting input 1 7 - Output 2 


= Vor 8- Vec 


_ 
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2 
3- 
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5 
6 
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8 - 
9 
0 


LM193,A-LM293,A 
LM393,A-LM2903 


LOW POWER LOW OFFSET 
VOLTAGE DUAL COMPARATORS 


(Metal Can) 


sO8 


(Plastic Micropackage) 


ORDER CODES 


Part 
Number 


LM193,A 
LM293,A 
LM393,A 
LM2903 


- Inverting input 1 
- NC 


- Non-inverting 


input 1 
NC 


- NC 
- Vec 


Temperature 
Range 


— 55 to + 125 °C 
— 40 to + 105 °C 
0 to+ 70°C 
— 40 to + 105 °C 


910 1112 13 


[HIN |D [aclu 


Note : Hi-Rel Versions Available 
Examples : LM193H, LM393D 


N 
DIP8 


(Plastic Package) 


J 


CERDIP8 
(Cerdip Package) 


v 


GC 
LCC20 


Tricecop (LCC) 


- NC 


- Inverting input 2 
NC 


- Output 2 
- NC 
- NC 
- Voc 
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LM193,A-LM293,A-LM393,A-LM2903 


ABSOLUTE MAXIMUM RATINGS 


sm] Pam nia | una | [ 
Supply Voltage + 18 to 36 + 18 to 36 + 18 to 36 
Input Voltage — 0.3 to + 36 | - 0.3 to + 36 |- 0.3 to + 36 
Output Short-circuit to Ground ~ (note 2) __|_ Continuous | Continuous | Continuous |_| 


36 36 
Power Dissipation — (note 1) 830 830 570 mW 
LM393AH 830 
Toper | Operating Free-air Temperature Range — 55 to+125 | —25to + 85 0 to + 70 °C 
LM2903 — 40 to + 105 


T stg Storage Temperature Range — 65 to + 150 | — 65 to + 150 | — 65 to + 150 


Notes : 1. For operating at high temperatures the LM393, LM393A, LM2903 must be derated based on a + 125 °C max junction temperature 
and a thermal resistance of 175 “C/W which applies for the devices soldered on a printed circuit board, operating in a still air am- 
bient. The LM393, LM393A, LM293 and LM293A must be derated based on a + 150 °C max junction temperature. 

2. Short-circuit from the output to Véc can cause excessive heating and eventual destruction The maximum output current is approxi- 
mately 20 mA, independent of the magnitude of Véc. 


SCHEMATIC DIAGRAM (1/2 LM193) 


Non-inverting input 


inverting 
input 


E88LM193-01 


Véc 


0 


1 


Inverting |Non-inverting 
Inputs Inputs 


*LCOC20 : Other pins are not connected. 
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LM193,A-LM293,A-LM393,A-LM2903 


ELECTRICAL Se eee 


LM393A / LM393 OC <Tamp $+ 70 
LM293A / LM293 / LM2903 > —40 C<Tamp £ + 105 CT 
LM193A /LM193 > —55 C<Tamp $+ 125 CT 


*=>Vé>o=+5V, Vac= GND 
(unless otherwise specified) 


LM193A - LM293A LM193 - LM293 
Symbol Parameter LM393A LM393 - LM2903 


Input Offset Voltage — (note 3) 
Tamb =+ 25 °C 
Tmin & Tamb S$ Tmax 

Input Bias Current — (note 4) 
Tamb = + 25 °C 
Tmin = Tamb S T max 

Input Offset Current 
Lamb =+ 25 °C 
Tmin S$ Tamb = T max 


Large Signal Voltage Gain 

(Véc=+ 15 V, Vg =+10V, Ri = 15 kQ) 
Tamb = + 25 °C 

Supply Current, no Load 

(all comparators) 
Tamb =25 °C 
Véc =30 V 


Input Voltage Range — (note 5) 


o1 
O 


2 
4 
100 
300 
25 
100 
1 


Lane =+ 25 °C 


Tin S Tamb S Tmax 


Differential Input Voltage 
*=0Vorif used V;” =0 V) — (note 7) 


Output Sink Current 
Vit =OV,V)7 21V,Vos4+15V 
Tamb = 25 °C 


Low Level Output Voltage 

Vi 2=1V,Vi*7 =0V, los s<=4 mA 
Tamb = 25 °C 
Tmin = Tamb Ss T max 


High Level Output Current 
Vit zi1iv,V); > s0V 
Tamb =25 °C, Vo =+5V 
Tmin S$ Tamb S$ Tmax, Vo = + 30 V 


0.4 
1 
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LM193,A-LM293,A-LM393,A-LM2903 


ELECTRICAL CHARACTERISTICS (continued) 


LM193A - LM293A; LM193 - LM293 
Symbol Parameter LM393A LM393 - LM2903 
[ Min. | Typ. | Max. | Min. | Typ. |Max. | 
tre 


Response Time 
tre! 


VL =+5V, Ry =5.1 kQ — (note 6) 
Tamb = 25 °C 


Large Signal Response Time 
Q| = TTL, Vre =+ 1.4 V, Vi =+5V 
Tarp = 25 i 


At output switch point, Vo= 1.4 V, Rs = 0 with Véc from 5 V to 30 V the full input common-mode range (0 V to Véc - 1.5 V). 

The direction of the input current is out of the IC due to the PNP inputstage. This current is essentially constant, independent of the 

state of the output, so no loading charge exists on the reference or input lines. 

. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3 V. 

The upper end of the common-mode voltage range is Véc — 1.5 V, but either or both inputs can go to + 30 V without damage. 

. The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 

. Positive excursions of input voltage may exceed the power Supply level. As long as the other voltage remains within the common- 
mode range the comparator will provide a proper output state. The low input voltage state must not be less than — 0.3 V (or 0.3 V 

below the negative power supply, if used). 


Notes: 


NO oO AW 
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SUPPLY CURRENT (mA) 


SATURATION VOLTAGE (V) 


LM193,A-LM293,A-LM393,A-LM2903 


LM193,A - LM393,A 
SUPPLY CURRENT INPUT CURRENT 
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z= 
ul 
x 
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> 
O 
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pm 
o. 
= 
0 10 20 30 40 
SUPPLY VOLTAGE (Vv) SUPPLY VCLTAGE (V) 
E88LM193-02 E88LM193-03 


RESPONSE TIME FOR VARIOUS INPUT 
OUTPUT SATURATION VOLTAGE OVERDRIVES - NEGATIVE TRANSITION 
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INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) 


OUTPUT SINK CURRENT (mA) TIME (us) 
E88LM193-04 E88LM193-05 


RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES - POSITIVE TRANSITION 


> 

4 Input overdrive = 100 mV 
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LM193,A-LM293,A-LM393,A-LM2903 


LM293,A - LM2903 
SUPPLY CURRENT INPUT CURRENT 


= 


< : E 
E ; 2 
- 1 « 
= c 
cc 3 
fo a 
=) 2 
rx) 0.8 < 
> [oa] 
o. 5 
S a 
wn 0.6 2 
0 10 20 30 40 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
E88LM193-07 E88LM193-08 
RESPONSE TIME FOR VARIOUS INPUT 
OUTPUT SATURATION VOLTAGE S OVERDRIVES - NEGATIVE TRANSITION 
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a | 
S ras 
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5 E 
du 
a © 
BE 
(oe) 
> 
j= 
= 
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E88LM193-09 E88LM193-10 
RESPONSE TIME FOR VARIOUS INPUT 
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LM193,A-LM293,A-LM393,A-LM2903 


TYPICAL APPLICATIONS 
BASIC COMPARATOR DRIVING CMOS 


E88LM193-12 


DRIVING TTL 


e| 


+V (ref) 


E88LM193-15 


LOW FREQUENCY OP AMP TRANSDUCER AMPLIFIER 


Magnetic pick-up 


E88LM193-16 E88LM193-17 
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LM193,A-LM293,A-LM393,A-LM2903 


LOW FREQUENCY OP AMP WITH OFFSET 
ADJUST 


+5V 


Offset adjust i 100 ka 
7) 


Frequency control 
voltage input 


V control © 


Véc = +30V 
700 Hz<fg< 100 kHz 


LIMIT COMPARATOR 


O Vécl12 Vv) 


+V (ref) 
High 


+ Viref) 
Low E88LM193-21 
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ZERO CROSSING DETECTOR 
(SINGLE POWER SUPPLY) 


5.1 k82 


100 k&2 
5.1 k&2 


3kS8z 


Output 1 


Output 2 


E88LM193-19 


E88LM193-20 


CRYSTAL CONTROLLED OSCILLATOR 


SGS-THONISON 
MICROELECTRONICS 
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LM193,A-LM293,A-LM393,A-LM2903 


SPLIT-SUPPLY APPLICATIONS 


ZERO CROSSING DETECTOR COMPARATOR WITH A NEGATIVE 
REFERENCE 


E88LM193-23 E88LM193-24 


9/11 
SGS-THOMSON _ 

ky MICROELECTRONICS 
561 


LM193,A-LM293,A-LM393,A-LM2903 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


(1) Nominal dimension 


(2) True geometrical position 
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LM193,A-LM293,A-LM393,A-LM2903 


PACKAGE MECHANICAL DATA (continued) 
8 PINS — METAL CAN TO99 


mm 


4,20 _ @775 1.27 max. 


12.7 min. 


8 PINS 


20 PINS — TRICECOP (LCC) 


re 
Output n° rae 
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kg, SGS-THOMSON LM209 
7 wicrosLectRomics LM309 


THREE-TERMINAL 5-VOLT REGULATORS 


a FIXED VOLTAGE REGULATOR REQUIRES 
NO EXTERNAL COMPONENT FOR ADJUS- 
TING 

a CAN PROVIDE OTHER VALUES OF REGULA- 
TED VOLTAGES ABOVE 5V USING SEPA- 
RATE, BIAS RESISTORS 

a» SPECIFIED TO BE COMPATIBLE, WORST 
CASE, WITH TTL AND DTL 


DESCRIPTION 

The LM209 and LM309 are 5V regulators. They are 
designed for local regulation on digital logic cards. 
The available output current is greater than 1A. 


These regulators are essentially blow-out proof. 
Current limiting is included and thermal shut down 
is provided to keep the ICs from overheating. If in- 
ternal dissipation becomes too great, the regulator 
will shut down to prevent excessive heating. 


PIN CONNECTION (bottom view) 


© 


March 1989 


ORDER CODES 


Range 
LM209 — 25°C to + 150°C 
LM309 O°C to + 125°C 


O 2 


Output O 


Input 
O 1 


Case is ground 
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LM209-LM309 


ABSOLUTE MAXIMUM RATINGS 


[Symbol] ——S~SCS~*~S~Sarameter SSSCS~*~sCS~CS~ awd; 
a 
[Po [erat Powerit |r i |W 
[tos | Shore-cicuft Output Current SS tray Limited | A 


Toper | Operating Free-air Temperature Range LM209 — 25 to + 150 °C 
LM309 0 to + 125 


era Storage Temperature Range — 65 to + 150 


THERMAL CHARACTERISTICS 


Symbol Parameter 
Junction-case Thermal Resistance 
Rthy-ay | Junction-ambient Thermal Resistance 


SCHEMATIC DIAGRAM 


a ___________  S6s-THonison 
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LM209-LM309 


ELECTRICAL CHARACTERISTICS 
LM209: — 25°C <T; <+ 150°C 


LM309 : OPC < i <+ 150°C 
a | yp | oO 
T min S$ Tamb = T max 
Kvo Load Regulation (T, = + 25°C) mV 
5mA < lo < 1.5A 50 100 50 100 
Output Noise Voltage 40 40 uvV 
a = + 25°C, 10Hz < f < 100kHz) 


V, = + 10V, g=054 
Vo Output Voltage Range 
+7V<Vi s+ 25V, 5mMA<lo < 1A, P < 20W 4.6 5.4 | 4.75 5.25 


(unless otherwise specified) 
T;) = + 25°C 
Quiescent Current Deviation mA 
+7VS VS + 25V 0.5 0.5 
5mMA <lo< 1A 0.8 0.8 
MAXIMUM AVERAGE POWER DISSIPATION PEAK OUTPUT CURRENT 


= ze 

2 < 

= = 

FE Lu 

< e 

Y) a) 

“ © 

e 5 

wi 2. 

= > 

5 rs) 

A. 

“95 +50 75 100 125 ~°#«150 5 10 15 20 25 30 35 
AMBIENT TEMPERATURE (°C) INPUT VOLTAGE (V} 
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Sf] MICROELECTRONICS 


567 


LM209-LM309 


DROPOUT CHARACTERISTICS DROPOUT VOLTAGE 


OUTPUT VOLTAGE (V) 
INPUT-OUTPUT DIFFERENTIAL (V) 


-75 -25 25 75 125 


INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C) 
OUTPUT IMPEDANCE OUTPUT VOLTAGE 
10! 
iS 
O = 
: : 
Q 1 < 
rt —— FE 
a as 4 
= a o 
- Pon = “e 
=) a) 
fF 10-'-———_O 
pa ~~” an =) 
co) Fane ro) 
lo = 500m 
10 100 1k 10k 100k mM “75 -25 25 75 125 
FREQUENCY (Hz) JUNCTION TEMPERATURE (°C) 
QUIESCENT CURRENT QUIESCENT CURRENT 
6.0 
= £— 
e gs : 
or 5.5 ms 
cc cc 
5 > 
O O 
- = 
O 50 0 
: | z Ez 
= uu 
" e 
4.5 4.5 
75 25 25 75 125 5 10 15 20 25 
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) 
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LM209-LM309 


OUTPUT NOISE VOLTAGE RIPPLE REJECTION 


NOISE VOLTAGE (pV/VHz) 
(eo) 
RIPPLE REJECTION {dB) 


10 100 1k 10k 100k 1M 


FREQUENCY (Hz) FREQUENCY (Hz) 


TYPICAL APPLICATION 
HIGH STABILITY REGULATOR 


« Regulation better than 0.01% load, line and temperature can be obtained. 


* 


Determines zener current. May be adjusted to minimize thermal drift. 
** Solid tantalum. 
T High stability resistors. 
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LM209-LM309 


ADJUSTABLE OUTPUT REGULATOR FIXED 5V REGULATOR 


* Required if regulator is located an appreciable distance from 
power supply filter capacitor. 

** Although no output capacitor is needed for stability, it does 
improve transient response. 


CURRENT REGULATOR 


* Determines output current. 
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La, SGS-THOMSON LM223 
>] | MICROELECTRONICS LM323 


THREE-TERMINAL 3A-5V POSITIVE VOLTAGE REGULATORS 


a OUTPUT CURRENT : 3A 

a» INTERNAL CURRENT AND THERMAL LIMI- 
TING 

a TYPICAL OUPUT IMPEDANCE : 0.012 

a MINIMUM INPUT VOLTAGE : 7.5V 

» POWER DISSIPATION : 30W 


DESCRIPTION 


The LM223, LM323 are three-terminal positive vol- 
tage regulators with a preset 5V output and a load 
driving capability of 3A. New circuit design and pro- 
cessing techniques are used to provide the high out- 
put current without sacrificing the regulation 
characteristics of lower current devices. 


The 3A regulator is virtually blowout proof. 


Current limiting, power limiting and thermal shut- 
down provide the same high level of reliability obtai- 
ned with these techniques in the LM209, 1A 
regulator. ORDER CODES 


An overall worst case specification for the combined Temperature 

effects of input voltage, load current, ambient tem- 
LM223 — 25°C to + 150°C 
LM323 0°C to + 125°C 


perature, and power dissipation ensure that the 
LM223, LM323 will perform satisfactorily as a sys- 
tem element. 


PIN CONNECTION (bottom view) 


290V0oO 


O 


10V; 


1 - Input 
2 - Output 


Case is ground 


February 1989 1/6 


571 


LM223-LM323 


ABSOLUTE MAXIMUM RATINGS 


Symbol] SCS aramster nit 
a 
ie [Outpt Current ray ie 
Pia | Power Disipaton SSC traly Lites | 

at 


20 


Toper | Operating Junction Temperature Range LM223 — 25 to + 150 
LM323 0 to + 125 


Storage Temperature Range — 65 to + 150 


THERMAL CHARACTERISTICS 


Symbol| Parameter |S Typ. | Max. | Unit 
Junction-case Therma! Resistance TO-3 Be ts 
Junction-ambient Thermal Resistance TO-3 a a 


SCHEMATIC DIAGRAM 


El 


216 

a f SGS-THOMSON 
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LM223-LM323 


ELECTRICAL CHARACTERISTICS 


LM223: —25°C <T, < + 150°C 
LM323: OC < i < + 125°C 
(unless otherwise specified) 


[| [| 


Output Voltage Range - (note 2) 
T, = + 25°C, V; = +7.5V, lo =0 
T min = T, < Tmax; P< Pmax 
+75V<V,<s+15V,O<lo <3A 4.6 5.4 | 4.75 5.25 


Line Regulation 25 25 mV 
(T, =+ 25°C, + 7.5V < V; < + 15V) - Note 3 


Load Regulation 25 100 25 100 | mV 
(T, =+ 25°C, V; =+ 7.5V, 0< lo < 3A) - Note 3 

Quiescent Current 12 20 12 20 mA 
(+ 7.5V < Vi ¢ + 15V, 0 < Ilo $ 3A)) 


Output Noise Voltage 


(T, = + 25°C, 10Hz < f < 100kHz) 


Short-circuit Current Limit (T, = + 25°C) 
V; =+ 15V 
V, =+ 7.5V 


Long Term Stability 


Notes : 1. Although power dissipation ts internally limited, specifications apply only for P < 30W. 
2. Selected devices with tightened tolerance output voltage available. 
3. Load and line regulation are specified at constant junction temperature. Pulse testing is required with a pulse width < 1ms 
and a duty cycle < 5%. 


MAXIMUM POWER DISSIPATION OUTPUT IMPEDANCE 


0 
= G 
= w 
2 
= ae ae ee ae Z 
= Infinite heatsink Sim Q. 
i) = 
ra) I 
i E 
5 
3 7 
a. 
10 
1 10 100 tk 10k 100k 1M 
25 50 75 100 125 # £150 
. FREQUENCY (Hz) 
AMBIENT TEMPERATURE ( C) 
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LM223-LM323 


PEAK AVAILABLE OUTPUT CURRENT SHORT CIRCUIT.CURRENT 


OUTPUT CURRENT (A) 
OUTPUT CURRENT AT ZERO VOLT (A) 


INPUT VOLTAGE (V) INPUT VOLTAGE (V) 


RIPPLE REJECTION DROPOUT VOLTAGE 


RIPPLE REJECTION (dB) 


INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 


75. —25.. 25 75 125 
JUNCTION TEMPERATURE (°C) 


201 10 100 tk 10k 100k 41M 


FREQUENCY (Hz) 


LINE TRANSIENT RESPONSE OUTPUT VOLTAGE 


INPUT VOLTAGE DIFFERENTIAL (V) 
OUTPUT VOLTAGE (V) 


(OUTPUT VOLTAGE DEVIATION) (mV) 


—75-50-25 go 25 50 75 100 125150 
TEMPERATURE (°C) 


TIME (us) 
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LM223-LM323 


QUIESCENT CURRENT LOAD TRANSIENT RESPONSE 


QUIESCENT CURRENT (mA) 
OUTPUT LOAD 
OUTPUT VOLTAGE DEVIATION (V) 


INPUT VOLTAGE (V) TIME (ys) 


OUTPUT NOISE VOLTAGE 


GRRE GE Oo es 2) Ce es SS Oe 
o SD GS 0 els Ga we ees 
SS a 
“TTT oo oo 
Se 0 Tl Se 
RS SUE Et Lh | 


10° 


Be 
Ua 
10 100 ik 10k 


NOISE VOLTAGE (”V/A/Hz) 


FREQUENCY (Hz) 


TYPICAL APPLICATIONS 
BASIC 3A REGULATOR TRIMING OUTPUT TO 5V 


Required if regulator is distant from filter 

capacitors. (— 5 to— 15 V) 
Regulator is stable with no load capacitor into 

resistive loads. Regulated 
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LM223-LM323 


10A REGULATOR WITH COMPLETE OVERLOAD PROTECTION 


* Selected for 20mA current from unregulated negative supply. 
* * Solid tantalum. 
A =LM101A, LM201A, LM301A. 


ADJUSTABLE REGULATOR 0 —- 10V/3A 


+12 V<vV, <+20V 


** C + 
1 uF 


**Solid tantalum 


‘V—(=10 V to 20 Vv) 
Unregulated 


Ai = LM 101 A, LM 201 A, LM 301 A. 
Ci = 2uF optional - improves ripple rejection, noise and transient response. 
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kw, SGS-:THOMSON LM236,A 
7 wicrogLecrRomies LM336,B 


2.5 V VOLTAGE REFERENCES 


uw LOW TEMPERATURE COEFFICIENT 

a WIDE OPERATING CURRENT OF 400 pA TO 
10 mA 

a 0.2 Q DYNAMIC IMPEDANCE 


a GUARANTEED TEMPERATURE STABILITY Nat 
a» FAST TURN-ON 


D 
SO8 
(Plastic Micropackage) 


wy 


DESCRIPTION Z 

The LM236 and LM336 are precision 2.5 V regula- TO92 

tor diodes. These voltage reference monolithic ICs (Plastic Package) 

operate like 2.5 V zener diodes with a low tempera- 

ture coefficient and a dynamic impedance of (order codes at the end of the datasheet) 


0.2 Q A third pin enables adjusting the reference 
voltage and the temperature coefficient. 


PIN CONNECTION 


SO8 TO92 
top view bottom view 


ADJ + = 


E88LM236-01 E88LM236-02 
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LM236,A-LM336,B 


ABSOLUTE MAXIMUM RATINGS 


Sas " Value 

ae a LM236,A | LM336, B 
IR 
IF 


Current mA 
Reverse 15 15 
Foward 10 10 


Operating Free-air Temperature Range — 25 to + 85 0 to + 70 
Storage Temperature Range — 60 to + 150 | — 60 to + 150 


SCHEMATIC DIAGRAM 


E88LM236-03 
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LM236,A-LM336,B 


ELECTRICAL CHARACTERISTICS 
LM236, A : —25 °C <Tamb S$ + 85 °C 
LM336, B : 0°C < Tamb $ + 70 °C 
(unless otherwise sseclicdl 


ick | Ss LM236,A A LM236, B 

mbo Parameter 
: tain tye] Mae Mn. Typ: Man 
Reserve Breakdown Voltage 

Tamb = + 25 °C LM236, LM336 | 2.44 | 2.49 | 2.54 | 2.39 | 2.49 | 2.59 

IR =1mA LM236A, LM336B | 2.465 | 2.49 | 2.515 | 2.44 | 2.49 | 2.54 


AVR Reserve breakdown change with current 
(400 LA < In < 10 mA) 
Tamb = + 25 °C 2.6 6 2.6 10 
Tmin S Tamb S$ Tmax 3 10 3 12 
Zp Reserve Dynamic Impedance (IR = 1 mA) 


Tamb =+ 25 °C 
Tmin = Tamb S T max 


Kee | temperate Sabitvneeeovac inn | esl. 921.) wel 6 av | 


Long Term Stability (Tamp =+ 25 °C + 0.1 °C, 20 20 ppm 
Ip = 1 mA) 


Note: 1. The maximum junction temperature of the LM236 1s + 125 °C and the LM336 is + 100 °C For elevated junction tempera- 
ture, devices should be derated based on a thermal resistance of 180 °C/W junction to ambient with 10 mm leads from a 
PC board or 160 °C/W junction to ambient with 3 mm lead length to a PC board 


REVERSE VOLTAGE CHANGE ZENER NOISE VOLTAGE 

> 
E 
ly 
'U] 
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Ww 
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ea 
uJ 
> 
Ee 
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FREQUENCY (Hz) 
REVERSE CURRENT (mA) 
E88LM236-04 E88LM236-05 
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LM236,A-LM336,B 


DYNAMIC IMPEDANCE RESPONSE TIME 
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is > 
a Ww 
= w 
O q 
S 5 
i rs) 
2 > 
> 
ray 
10 100 1k 10 x 100 k 
FREQUENCY (Hz) TIME (xs) 
E88LM236-06 E88LM236-07 
REVERSE CHARACTERISTICS FORWARD CHARACTERISTICS 
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SS 
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cc th 
REVERSE VOLTAGE (Vv) FORWARD CURRENT (mA) 
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APPLICATIONS HINTS 


The LM236, LM336 voltage references are easier 
to use than zener diodes. Their low impedance and 
wide current range facilitate biasing in any circuits. 
Besides, the breakdown voltage or the temperature 
coefficient can be ajusted so as to optimize the per- 
formance of the circuit. 


Figure 1 represents a LM336 with a 10 kQ potentio- 
meter to adjust the reverse breakdown voltage. By 
adding resistor R1, the breakdown voltage can be 
adjusted without altering the temperature coefficient 


Figure 1: The LM236 with Pot for Adjustment of 
Breakdown Voltage. 


E88LM236-1 1 


TYPICAL APPLICATIONS 
Figure 3 : 2.5 V Reference. 


E88LM236-13 


LM236,A-LM336,B 


of the circuit. The adjustment range is generally suf- 
ficient to adjust the initial tolerance of the circuit and 
the inaccuracy of the amplifier circuit. 


To obtain a lower temperature coefficient two diodes 
can be connected in series as indicated in fig. 2. 
When the circuit is adjusted to 2.49 V the tempera- 
ture coefficient is minimized. 

For a correct temperature coefficient, the diodes 
should be at the same ambient temperature as the 
LM336. The value of R71 is not critical (2-20 kQ). 


Figure 2: Temperature Coefficient Adjustment. 


vt 
Rs 
Ry 10 k&2 
1N4148 
s\ 


E88LM236-12 


Figure 4 : Wide Input Range Reference. 


V) 
+3.5V to +40 V 


LM 334 


68 Q 


Vo= +2.5V 


LM 336 


\ 


E88LM236-14 
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LM236,A-LM336,B 


Figure 5 : Precision Power Regulator with Low Temperature Coefficient. 


LM 317 


Output 


Output adjust \ 


* Adjust for 3.75 V across R14 E88LM236-15 


Figure 6 : Adjustable Shunt Regulator. 


Vo 
+6Vto +40 V 2 +5 Vto +40 V 


2N2905 
100 k&2 


E88LM236-16 
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LM236,A-LM336,B 


Figure 7 : Linear Ohmmeter. 


vt 


_ 8 
i 35 Q 
250 
2.5 kQ 
ae ia aN k&2 gar ° | 10 kQ 


1% 71% 7 LM! 
336 


calibrate 


10kQ/v]_—eO 4 OC 
e t e 
1kQ/V 1 MQ/V 
100 kQ/V 


E88LM236-17 


Figure 8 : Bipolar Output Reference. 


E88LM236-18 


7 SGS-THOMSON cs 
4 mcROELECTRONICS 
583 


LM236,A-LM336,B 


Figure 9 : 5 V Buffered Reference. 


V} 
+7 Vto +36 V 


E88LM236-19 


Figure 10 : Low Noise Buffered Reference. 


E88LM236-20 
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LM236,A-LM336,B 


ORDER CODES 


LM2362Z — 25 °C to + 85 °C 
LM236AZ — 25 °C to + 85 °C 


LM236D — 25 °C to + 85 °C 
LM236AD — 25 °C to + 85 °C 


LM336Z 0 °C to + 70 °C 
LM336BZ 0 °C to + 70 °C 


LM336D 0 °C to + 70 °C 
LM336BD 0 °C to + 70 °C 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC MICROPACKAGE SO 


8 Outputs 


(7 SGS-THOMSON ee 
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LM236,A-LM336,B 


3 PINS — PLASTIC PACKAGE TO92 


12,70min,. 


Retail output secton 
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LM237 
LM337 


THREE-TERMINAL ADJUSTABLE 
NEGATIVE VOLTAGE REGULATORS 


a OUTPUT VOLTAGE ADJUSTABLE DOWN TO 
Veet 

as 1.54 GUARANTEED OUTPUT CURRENT 

a 0.3%/V TYPICAL LOAD REGULATION 

a 0.01%/V TYPICAL LINE REGULATION 

a» CURRENT LIMIT CONSTANT WITH TEMPE- 
RATURE 

a RIPPLE REJECTION : 77dB 

a STANDARD 3-LEAD 
PACKAGES 

e EXCELLENT THERMAL REGULATION 
0.002%/V 

gs 50ppm/°C TEMPERATURE COEFFICIENT 


TRANSISTOR 


DESCRIPTION 


The LM237 series are adjustable 3-terminal nega- 
tive voltage regulators capable of supplying in ex- 
cess - 1.5Aovera- 1.2 to -37V output voltage range. 
They are exceptionally easy to use and require on- 
ly two external resistors to set the output voltage. 
Further, both line and load regulation are better than 
standard fixed regulators. Also, LM237 regulators 
are supplied in standard transistor packages which 
are easily mounted and handled. In addition to 
higher performance than fixed regulators, the 
LM237 series offer full overload protection available 
only in integrated circuits. Included on the chip are 
current limit, thermal overload protection and safe 
area protection. All overload protection circuitry re- 
mains fully functional even if the adjustment termi- 
nal is disconnected. 


PIN CONNECTIONS 


TO-3 
(bottom view) 


1 - Output 
2 - Adj 
Case !s input 


February 1989 


ORDER CODES 


Temperature 
Part Number Range 
LM237 — 25°C to + 150°C 
LM337 0°C to + 125°C 


TO-220 
(front view) 


1 - Adj 
2 - Output 
3 - Input 


Heatsink surface connected to Input 
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LM237-LM337 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
Input-output Voltage Differential 
| lo | Output Current 


Toper | Operating Junction Temperature Range LM237 — 25 to + 150 °C 
LM337 0 to + 125 


Storage Temperature Range ~ 65 to + 150 
Power Dissipation Internally Limited | 


THERMAL CHARACTERISTICS 


Symbol Parameter 


Junction-case Thermal Resistance 
Junction-ambient Thermal Resistance 


SCHEMATIC DIAGRAM 


nL 


Jose 

oz, Ce) 

ue 
Ed 


Aor Note 
peek ee 
i 


Oe (7 SGS-THOMSON 
s/f MICROELECTRONICS 
588 


LM237-LM337 


ELECTRICAL CHARACTERISTICS 
LM237 : —25°C <1; < + 150°C 
LM337 : O°C < af <+ 125°C 
IW ON. Ie O5A 

(unless otherwise specified) 


| Min. | Typ. | Max. | Min. | Typ. | Max. 
Vret | Reference Voltage 
Teak =+ 25°C 
Tae < T, < Tix 


8V <|Vi-Vol < 40V, 10MA <I lol <| lovmax)l » 
P s Pmax 

Line Regulation 

(Tamb = + 25°C, 3V <1 Vi-Vol < 40V) - Note 2 
lo =0.1A 


Load Regulation 
(Tamb =+ 25°C, 10MA< | lol <| lo(max)l ) - Note 2 
IVol < 5V 15 25 15 oy wy 
IVol = 5V 03 | 05 0.3 
Lees 


iene! peoualon (Tamb = + 29°C, pulse 10ms) r——[eose | oor | [e008 fos Tow 
a AO Ae a ae 


ecuerment Pin Current tees 
3V <| Vy Vol < _ 


i | 0.02 | 0.05 | | 0.02 | 0.07 | Nv | 


Load ey 

(10mA <|lol <| lo(max)! ) - Note 2 
Vo < 5V 
Vo 2 5V 


| }o(minj! | Minimum Load Current 
IVi-Vol < 40V 
IVi-Vol < 40V 


Short-circuit Output Current 
[Vi-Vol s 15V 
IVi-Vol =40V, T, = + 25°C 


es aces Noise (% of ae 


ar Rejection Ratio 
Vo =-— 10V, f = 120Hz 
Cag) = 10uF 


Temperature Stability (Tmin < T, S$ Tmax) 
ss Term Stability (Tamp =+ 125°C, 1000H) 


Notes : 1. Although power dissipation is internally limited, these specifications are applicable for power dissipation of : 
15W for TO-220 
* 20W for TO-3 Package 
lo(max) is: 
1.5A 


2. Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output 
voltage due to heating effects are covered under the specification for thermal regulation. 
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LM237-LM337 


ADJUSTMENT CURRENT (yA) OUTPUT VOLTAGE CHANGE (%) 


REFERENCE VOLTAGE (V) 
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LOAD REGULATION 


aLecS 


ee 
| CCE 
ae nD 


—14 
—75—50—25 0 25 50 75 100125150 


TEMPERATURE (°C) 


ADJUSTMENT CURRENT 


0 
—75—50—25 0 25 50 75 100125150 


TEMPERATURE (°C) 


TEMPERATURE STABILITY 


1.230 
—75—50—25 0 25 50 75 100125150 


TEMPERATURE (°C) 


INPUT-OUTPUT DIFFERENTIAL (V) OUTPUT CURRENT (A) 


QUIESCENT CURRENT (mA) 


CURRENT LIMIT 


ae pe C 


0 10 20 30 40 


INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 


DROPOUT VOLTAGE 


-75-50— 25 0 25 50 75 100125150 
TEMPERATURE (°C) 
MINIMUM OPERATING CURRENT 


1.8° 


14 
1.2 


INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 


— ke, SG MSON 
>/ spe edu 


RIPPLE REJECTION (dB) 


RIPPLE REJECTION (dB) 


OUTPUT VOLTAGE DEVIATION (V) 


INPUT VOLTAGE CHANGE (V) 


RIPPLE ee Deh as OUTPUT 


OUTPUT VOLTAGE (Vv) 


RIPPLE saat a OUTPUT 


100 


OUTPUT CURRENT (A) 


LINE TRANSIENT RESPONSE 


TIME (ps) 


ky 


RIPPLE REJECTION (dB) 


OUTPUT IMPEDANCE (1) 


LOAD CURRENT (A) OUTPUT VOLTAGE DEVIATION (V) 


SGS-THOMSON 
MICROELECTRONICS 


LM237-LM337 


RIPPLE REJECTION VERSUS FREQUENCY 


10 100 1k 10k 100k 1M 


FREQUENCY {Hz) 


OUTPUT IMPEDANCE 


FREQUENCY (Hz) 


LOAD TRANSIENT RESPONSE 


TIME (ys) 
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LM237-LM337 


THERMAL REGULATION 


When power is dissipated in an IC, a temperature 
gradient occurs across the IC chip affecting the in- 
dividual IC circuit components. With an IC regula- 
tor, this gradient can be especially severe since 
power dissipation is large. 


Thermal regulation is the effect of these tempera- 
ture gradients on output voltage (in percentage out- 
put change) per watt of power change in a specified 
time. Thermal regulation error is independent of 
electrical regulation or temperature coefficient, and 
occurs within 5ms to 50ms after a change in power 
dissipation. Thermal regulation depends on IC 
layout as well as electrical design. The thermal re- 
gulation of a voltage regulator is defined as the per- 
centage change of Vo, per watt, within the first 1O0ms 
after a step of power, is applied. 


Figure 1. 


In figure 1, a typical LM337’s output drifts only 3mV 
for 0.03% of Vo = — 10V) when a 10W pulse is ap- 
plied for 10ms. This performance is thus well inside 
the specification limit of 0.02%/W x 10W = 0.2% 
max. When the 10W pulse is ended the thermal re- 
gulation again shows a 3mV step as the LM337 chip 
cools off. Note that the load regulation error of about 
8mV(0.08%) is additional to the thermal regulation 
error. 


In figure 2, when the 10W pulse is applied for 
100ms, the output drifts only slightly beyond the drift 
in the first 10ms and the thermal error stays well wi- 
thin 0.1% (10mV). 


Figure 2. 


LM 337, Vo=-— 10V 

Vi- Vo =-—40V 

IL=OA >0.25A— 0A 
Vertical sensitivity 5mV/div. 


LM 337, Vo =—10V 

Vi- Vo =—-40V 

IL=OA —-0.25A > 0A 
Horizontal sensitivity 20msN/div. 
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LM237-LM337 


TYPICAL APPLICATIONS 
ADJUSTABLE NEGATIVE VOLTAGE REGULATOR 


y= C1* 14F 


Vo = —1.25 V (1 + —R2_ ) 4 (- lag & RQ) 
O 120 9 adj 


C1 = 1pF solid tantalum or 10uF aluminium electrolytic required for stability. 
C2 = 1p1F solid tantalum is required only if regulator is more than 10cm from power supply filter capacitor. 


ADJUSTABLE LAB VOLTAGE REGULATOR 


O1.2V to 20V 


DO -1.2V to —20V 


* 


The 10uF capacitors are optimal to improve ripple rejection. 
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LM237-LM337 


CURRENT REGULATOR 


__1.25 V 


O=~ RI 


*08Q< RI < 1200 


NEGATIVE REGULATOR WITH PROTECTION DIODES 


* When Cris larger than 20uF, D1 protects the LM137 in case the input supply is shorted. 
* * When C2is larger than 10,F and Vois larger than — 25V, D2 protects the LM137 in case the output is shorted. 
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LM237-LM337 


+ 


— 5.2V REGULATOR WITH ELECTRONIC SHUTDOWN 


TTL 
CONTROL 


Vv 
—~8Vto —20V 


* Minimum output =— 1.3V when control input is low. 


ADJUSTABLE CURRENT REGULATOR 
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LM238 
LM338 


THREE-TERMINAL 5-A 


ADJUSTABLE VOLTAGE REGULATORS 


u GUARANTEED 7A PEAK OUTPUT CURRENT 

a GUARANTEED 5A OUTPUT CURRENT 

» ADJUSTABLE OUTPUT DOWN TO 1.2V 

a LINE REGULATION TYPICALLY 0.005% /V 

a LOAD REGULATION TYPICALLY 0.1% 

a» GUARANTEED THERMAL REGULATION 

a CURRENT LIMIT CONSTANT WITH TEMPE- 
RATURE 

» STANDARD 3-LEAD TRANSISTOR PACKAGE 


DESCRIPTION 


The LM238/LM338 are adjustable 3-terminal posi- 
tive voltage regulators capable of supplying in ex- 
cess of 5A over a 1.2V to 32V output range. They 
are exceptionally easy to use and require only 2 re- 
sistors to set the output voltage. Careful circuit de- 
sign has resulted in outstanding load and line 
regulation - comparable to many commercial power 
supplies. The LM238 family is supplied in a stan- 
dard 3-lead transistor package. 

A unique feature of the LM238 family is time-de- 
pendent current limiting. The current limit circuitry al- 
lows peak currents of up to 12A to be drawn from the 
regulator for short periods of time. This allows the 
LM238 to be used with heavy transient loads and 
speeds start-up under full-load conditions. Under sus- 
tained loading conditions, the current limit decreases 
to a safe value protecting the regulator. Also included 
on the chip are thermal overload protection and safe 
area protection for the power transistor. Overload pro- 
tection remains functional even if the adjustment pin 
is accidentally disconnected. 

Normally, no capacitors are needed unless the device 
is situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient res- 
ponse. The adjustment terminal can be bypassed to 
achieve very high ripple rejection ratios which are dif- 
ficult to achieve with standard 3-terminal regulators. 
Besides replacing fixed regulators or discrete designs, 
the LM238 is useful in a wide variety of other applica- 
tions. Since the regulator is "floating" and sees only 
the input-to-output differential voltage, supplies of se- 
veral hundred volts can be regulated as long as the 
maximum input to input differential is not exceeded. 
The LM228/LM338 are packaged in standard steel 
TO-3 transistor packages. The LM238 from — 25°C to 
+ 150°C and the LM338 from 0°C to + 125°C. 


February 1989 


TO3 
K SUFFIX 
(Steel Can) 


ORDER CODES 


Temperature 
Part Number 
Range [OK 
LM238 — 25°C to + 150°C 
LM338 0°C to + 125°C 
Note : Hi-Rel Versions Available . 
Example : LM238K 


PIN CONNECTION 
(bottom view) 


Case is output 
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LM238-LM338 


ABSOLUTE MAXIMUM RATINGS 


Symbol| Parameter | Value it 
Vi - Vo | Input-output Voltage Differential 


Toper | Operating Junction Temperature Range LM238 — 25 to + 150 om 
LM338 0 to +125 


Storage Temperature Range — 65 to + 150 °C 
°C 


Lead Temperature (soldering, 10 seconds) 


T stg 


THERMAL CHARACTERISTICS 


Symbol Parameter 


00 
Maximum Junction-case Thermal Resistance 4 
35 


Typical Junction-ambient Thermal Resistance 


SCHEMATIC DIAGRAM 


cd 


ie 
RA 


Pil Ne 
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LM238-LM338 


ELECTRICAL CHARACTERISTICS 

LM238: —25°C<T,<+ 150°C, V; - Vo = + 5V lo = 2.5A 

LM338 : OC<T, <+ 150°C, V,- Vo =+ 5V, Io =2.5A 

Although power dissipation is internally limited, these specifications apply to power dissipation up to 
50W. (unless otherwise specified) 


LM238 
eminem 
| Min. | Typ. | Max. | Min. | Typ. | Max. | 


[eres ed [feels oe | 
Tamb = + 25°C, + 3V < (Vi-Vo) < + 35V 0.005 | 0.01 0.005} 0.03 
Load Regulation Tamp = + 25°C, 10MA < Io < 5A 
Vo < + 5V - (note 1) 25 mV 
Vo 2 + 5V - (note 1 ee 0.5 a 


ners Regulation (pulse = 20ms Taos poor fo.008 | ocr [an 
| tag | Adjustment Pin Current | | 45 | too | | 45 | 100 | 


Alaa, | Adjustment Pin Current Change on os ae 
10mA < I, < 5A, + 3V < (Vi-Vo) < + 35V 0.2 
aes atalaaiel 
(+ 3V < Vi-Vo) < + 35V, 10MA < Io < 5A, p < 50W) {| 1.19 24 | 1.29 | 1.19 } 1.24 ) 1.29 
aromatase i 


Line Regulation 
+ 3V < (Vi-Vo) < + 35V - (note 1 


Load Regulation (10mA < lo < 5A) - Note 1 
Vo <+5V 20 30 50 He 
Vo 2+5V 0.3 0.6 a 0 


| Kyz | Temperature Stability (Tmin < 7) < Tmax) ae ee eee ae 
Minimum Load Current (V\-Vo = + 35V) ee cn eC ee 


Current Limit (Vi-Vo < + 10V) 
DC 
0.5ms Peak 


A 
5.0 8 5.0 8 
7 12 7 12 
Vi-Vo =+ 30V 1 1 


ete Tl fel T= 
(Tamb = + 25°C, 10Hz < f < 10KHz 0.003 0.003 

Vo =+ 10V, f = 120Hz 60 = 
Cag, = 10UF 75 


| Kyu | Long Term Stability (Tamp = + 125°C) a 


ae 1: err ey is measured at constant junction temperature. Changes in output voltage due to heating effects are taken into ac- 
count separately by thermal rejection. 


lo(max) 


CURRENT LIMIT CURRENT LIMIT 


“=m —@ PEAK CURRENT LIMIT 
ewmweme 1C CURRENT LIMIT 


PRELOAD CURRENT =0 
“ie = +25°C 


< = 
= e = 
: rE MENS Wee g 
te TL | Ss ui 
aL ITINA = 
2 
is ‘| Te an a oO 
: ban SH 5 
F hie Q 
ra) B 2 
Ripe 
TIME (ms) INPUT-OUTPUT DIFFERENTIAL (V) 
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LM238-LM338 


CURRENT LIMIT LOAD REGULATION 


wi eA ill LU 


PRELOAD = 


OUTPUT CURRENT (A) 


Vi= +10 V 
Vo= +5 V 


OUTPUT VOLTAGE DEVIATION (%) 


-75 -50 -25 0 25 50 78 100 125 160 


TIME (ms) TEMPERATURE (°C) 
DROPOUT VOLTAGE ADJUSTMENT CURRENT 
a 4 55 
> AVo = 100 mV 
2 q 
~ 50 
: e TTT Te 
3 
i a vai 
up > 
U rs) 
2 5 
5 ul 4D 
= 2 i 
: : 
E r) 35 
2 < 
< 
1 30 
-75-50-25 0 25 50 75 100 125 150 —-75-50-25 D0 25 50 75 100 125 150 
TEMPERATURE (°C) TEMPERATURE (°C) 
TEMPERATURE STABILITY OUTPUT IMPEDANCE 
1.260 
> 
~  §.260 = 
5 g 
a 1.240 z 
a a 
Ww 
A. 
S 1.230 = 
uw os 
cr ke 
: : 
rs 1.220 > 
1.210 
-75 -§0 -25 0 25 50 75 100 125 150 
10 100 1k 10k 100k 1M 
TEMPERATURE (°C) 
FREQUENCY (Hz) 
4/10 
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QUIESCENT CURRENT (mA) 


RIPPLE REJECTION (dB) 


OUTPUT VOLTAGE 
DEVIATION (V) 


INPUT VOLTAGE 
CHANGE (V) 


MINIMUM OPERATING 
CURRENT 


LM238-LM338 


RIPPLE REJECTION 


a 

3 

a 

o 

eo 

iS] 

Lu 

ony 

ud 

cf 

WwW 

a] 

a 

a 

io 

OUTPUT VOLTAGE (V) 
INPUT-OUTPUT DIFFERENTIAL (V) 
RIPPLE REJECTION RIPPLE REJECTION 

Se Sn eae 
2 enim st 
Bog Pompeii ET TT 
J Tt mee ll| 
cc hime ee 

= lll 
al 

a. 

2. 

ec 

FREQUENCY (Hz) OUTPUT CURRENT (A) 
LINE TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE 


TIME (us) 


OUTPUT VOLTAGE 
DEVIATION (V) 


LOAD CURRENT (A) 


TIME (us) 
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LM238-LM338 


TYPICAL APPLICATIONS 
+ 1.2V to + 25V ADJUSTABLE REGULATOR 


A Needed if device is far from filter capacitors. 

* Optional-improves transient response. Output capacitors in the 
range of 1uF to 100uF of aluminium or tantalum electrolytic are 
commonly used to provide improved output impedance and rejec- 
tion of tran-sients 


** Vo = 1.25V (1 + ) 
= 1. aes 
~ Ri 
*“** R1 = 240 for LM138 and LM238 


APPLICATION HINTS 


In operation, the LM338 develops a nominal 1.25V 
reference voltage, V(ret), between the output and ad- 
justment terminal. The reference voltage is impres- 
sed across program resistor R1 and, since the 
voltage is constant, a constant current ly then flows 
through the output set resistor R2, giving an output 
voltage of 


R2 
Vo=Vi(ret) (1+ Th ) + lagR2 


Figure 1. 


Since the 50uA current from the adjustment termi- 
nal represents an error term, the LM338 was 

designed to minimize lag and make it very constant 
with line and load changes. To do this, all quiescent 
operating current is returned to the output establi- 
shing a minimum load current requirement. If there 
is insufficient load on the output, the output will rise. 


EXTERNAL CAPACITORS 


Aninput bypass capacitor is recommended. A0.1pF 
disc or 1p:F solid tantalum on the input is suitable in- 
put by passing for almost all applications. The de- 
vice is more sensitive to the absence of input 
bypassing when adjustment or output capacitors 
are used byt the above values will eliminate the pos- 
sibility of problems. 


The adjustment terminal can be bypassed to ground 
on the LM338 to improve ripple rejection. This by- 
pass capacitor prevents ripple form being amplified 
as the output voltage is increased. With a 10uF by- 
pass capacitor 75cB ripple rejection is obtainable at 
any output level. Increases over 20uF do not appre- 
ciably improve the ripple rejection at frequencies 
above 120Hz. If the bypass capacitor is used, it is 
sometimes necessary to include protection diodes 
to prevent the capacitor from discharging through 
internal low current paths and damaging the device. 


In general, the best type of capacitors to use are so- 
lid tantalum. Solid tantalum capacitors have low im- 
pedance even at high frequencies. Depending upon 
capacitor construction, it takes about 25uF in alumi- 
num elecirolytic to equal 1pF solid tantalum at high 
frequencies. Ceramic capacitors are also good at 
high frequencies, but some types have a large de- 
crease in capacitance at frequencies around 
0.5MHz. For this reason, 0.01pF disc may seem to 
work better than a 0.1pF disc as a bypass. 


Although the LM338 is stable with no output capa- 
citors, like any feedback circuit, certain values of ex- 
ternal capacitance can cause excessive ringing. 
This occurs with values between 500pF and 
5000pF. A 1uF solid tantalum (or 25uF aluminium 
electrolytic) on the output swamps this effect and in- 
sures stability. 
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LOAD REGULATION 


The LM338 is capable of providing extremely good 
load regulation but a few precautions are needed to 
obtain maximum performance. The current set re- 
sistor connected between the adjustment terminal 
and the output terminal (usually 240Q) should be 
tied directly to the output of the regulator rather than 
near the load. This eliminates line drops from ap- 
pearing effectively in series with the reference and 
degrading regulation. For example, a 15V regulator 
with 0.05Q resistance between the regulator and 
load will have a load regulation due to line resistance 
of 0.05Q x IL. If the set resistor is connected near 
the load the effective line resistance will be 0.05Q 
(1 + R2/R1) or in this case, 11.5 times worse. 


Figure 2 shows the effect of resistance between the 
regulator and 140Q set resistor. 


Figure 2 : Regulator with Line Resistance in Out- 
put Lead. 


ky SGS-THOMSON 


LM238-LM338 


With the TO-3 package, it is easy to minimize the 
resistance from the case to the set resistor, by using 
2 separate leads to the case. The ground of R2 can 
be returned near the ground of the load to provide 
remote ground sensing and improve load regula- 
tion. 


PROTECTION DIODES 


When external capacitors are used with any IC re- 
gulator it is sometimes necessary to add protection 
diodes to prevent the capacitors from discharging 
through low current points into the regulator. Most 
20uF capacitors have low enough internal series re- 
sistance to deliver 20A spikes when shorted. Al- 
though the surge is short, there is enough energy to 
damage parts of the IC. 


When an output capacitor is connected to a regula- 
tor and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The dis- 
charge current depends on the value of the capaci- 
tor, the output voltage of the regulator, and the rate 
of decrease of V}. In the LM3388 this discharge path 
is through a large junction that is able to sustain 25A 
surge with no problem. This is not true of other types 
of positive regulators. For output capacitors of 
100uF or less at output of 15V or less, there is no 
need to use diodes. 


The bypass capacitor on the adjustment terminal 
can discharge through a low current junction. Dis- 
charge occurs when either the input or output is 
shorted. Internal to the LM338 is a 50Q resistor 
which limits the peak discharge current. No protec- 
tion is needed for output voltages of 25V or less and 
10.F capacitance. Figure 3 shows an LM338 with 
protection diodes included for use with outputs grea- 
ter than 25V and high values of output capacitance. 
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LM238-LM338 


10A REGULATOR 


* Minimum toad — 100mA 
Vi 2 10V 

Vo23V 

Vi- Vo 23.5V 


5A CURRENT REGULATOR 


* Minimum load — 100mA 


Vi210V 

Vo23V 

Vi- Vo 2 3.5V 

AL re {a SGS-THOMSON 
IF wmcrogiecrromics 


604 


LM238-LM338 


15A REGULATOR 


* Minimum load — 100mA 
Vi2z+10V 

Vo2+ 3V 

Vi-Vo2+4V 


SV LOGIC REGULATOR WITH ELECTRONIC SHUTDOWN** 


* 


R1 = 240Q for LM138 or LM238 
R2 = 7200 for LM138 or LM238 
* “ Minimum output = + 1.2V 


* 


G7 SGS-THOMSON =O 
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LM238-LM338 


TRACKING PREREGULATOR 


R1 
240°? =LM338 


Output 


* Ri = 2400 for LM138 or LM238 
* R2 = 7202 for LM138 or LM238 
* * Minimum output = + 1.2V 


SLOW TURN-ON 15V REGULATOR 


* Ri = 2400 
* Ro_o 7m } for LM138 and LM238 


who SGS-THOMSON 
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HIGH PRECISION VOLTAGE REGULATOR 


a INPUT VOLTAGE UP TO 40V 

a OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 
37V 

a» POSITIVE OR NEGATIVE SUPPLY OPERA- 
TION 

» SERIES, SHUNT, SWITCHING OR FLOATING 
OPERATION 

a» OUTPUT CURRENT TO 150mA WITHOUT EX- 
TERNAL PASS TRANSISTOR 

a» ADJUSTABLE CURRENT LIMITING 


DESCRIPTION 


The LM723 is a monolithic integrated programma- 
ble voltage regulator, assembled in 14-lead dual in- 
line plastic and ceramic package, 10-lead Metal Can 
(TO-100 type) and SO-14 micropackage. The circuit 
provides internal current limiting. When the output 
current excedes 150mA an external NPN or PNP 
pass element may be used. Provisions are made for 
adjustable current limiting and remote shut-down. 


BLOCK DIAGRAM 


INVERT. FREQUENCY 
+Ve, INPUT COMPENS. Yc 
() O 


SERIES PASS 
TRANSISTORS 


$~3664/2 


O O O 
NON-INVERT. CURRENT CURRENT 
INPUT LIMIT SENSE 
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LM723 


ABSOLUTE MAXIMUM RATINGS 


Symbol LM723 
input Votiage 40 
0 


[te | Output Gurent SSCS gt 
Zoe 


Tstg Storage Temperature — 65 to 150 | — 65 to 150 


THERMAL DATA 


m 
m 


V 
V 
A 
A 
°C 
°C 
°C 


Plastic | Ceramic 


Thermal Resistance Junction-ambient Max 165 


PIN CONNECTION (top views) 


°C/ 


CURRENT 
LIMIT CURRENT 
LIMIT 
CURRENT 
SENSE {0 


-V, 9-3662/1 
connected to case 


ORDER CODES 


TO-100 Ceramic DIP-14 | Plastic DIP-14 SO-14 
LM723 LM723H OT 
LM723C LM723CH LM723CJ LM723CN LM723CD 
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LM723 


Load Regulation 


ELECTRICAL CHARACTERISTICS (refer to the test circuit, Tam, = 25°C unless otherwise specified) 
mbo arameter est Conditions 
: | Min. | Typ. | Max. | Min. | Typ. | Max. 
Line Regulation 
al 
Tmin s Tamb = Tmax 
AVe lo = 1 to 50mA | joos| o2 | |oos|o1s | % 
Vo Tmin S Tamb < Tmax 
lo =1to 10mA 
Ripple Rejection 
AVo Output Voltage Drift 
AT 
Short Circuit Current Rsp =10Q V, =0 65 mA 
Limiting 
Output VoltageRange | | 2 | Cf or | 2 | 7 | 
et kan et et etc  e n l Ma ga O a 
Quiescent Drain Current | Ip =0 2.3 4 2.3 5 mA 
V, = 30V 
Output Noise Voltage BW = 100Hz to 10KHz 
Cre = 0 20 20 pV 
Cref = 5uF 2.5 2.5 uV 
Vz Output Zener Voltage lz = 1mA 7.7 V 
(for plastic package only) 
Note : Tmn = 0°C (LM723C) ; 125°C (LM723) 


V, = 12 to 15V 0.01 | 0.1 0.01 | 0.1 % 
Vi = 12 to 40V 0.1 | 05 0.02 | 0.2 

VreF_| Reference Voltage ref = 160A | 68 |7.15| 75 |695[7.15| 7.95 | Vv 
Input VoltageRange | tS || of 8 || ao | 

Long Term Stability 0.1 0.1 % 

1000 

hrs 

Tmax = 70°C (LM723C) ; — 55°C (LM723). 


TEST CIRCUIT (pin configuration relative to the plastic package) 


Vi= 12V 
Vo =5V 
lo = ImA 


REGULATED < 10KQ 
Aiea Ri/Re < 10K 


S-6219 
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Figure 1 : Maximum Output Current vs. Voltage Figure 2 : Current Limiting Characteristics. 
Drop. 
G-434011 


2) TS = eclLiT tT 
jj e 


ele Ae 
genase a 


a 
~ | 
tT NA NA 


EHH SSS 


-sepeci Se 


1 ; 10 ; v-VotV) 0 20 40 60 80 1, (mA) 
Figure 3 : Current Limiting Characteristics vs. Figure 4 : Load Regulation Characteristics 
Junction Temperature. without Current Limiting. 


G-4339" 


-60 20 60 100 Ty (°C) 0 20 40 60 80 1, (mA) 
Figure 5 : Load Regulation Characteristics with Figure 6 : Load Regulation Characteristics with 
Current Limiting. Current Limiting 


i op 
"0 20 40 60 80 15(mA) 
4/7 
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Figure 7 : Line Regulation vs. Voltage Drop. 


15 25 35 Vio(V) 


Figure 9 : Quiescent Drain Current vs. Input 
Voltage. 
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Figure 11 : Load Transient Response. 
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Figure 8 : Load Regulation vs. Voltage ae 
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Figure 10 : Line Transient Response. 
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Figure 12 : Output Impedance vs. Frequency. 
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Table 1 : Resistor Values (KQ) for Standard Output Voltages. 


Fixed Output Adjustable : Fixed on ‘Saas 
Output Applicable zm + 5% + 10% (°) Output Applicable Output + 5% 


Note: (°) Replace Ri/Re divider with the circuit of fig. 24. 
("") V* must be connected to a + 3V or greater supply. 


Table 2 : Formulae for Intermediate Output Voltages. 


Outputs from + 2 to + 7 Volts Current Limiting 
Fig. 13, 16 


VsSENSE 
Va =lV ye | = 
o =[Vret A, + Ro ] LIMIT Rec 


Outputs from + 7 to + 37 Volts Output from — 6 to — 250 Volts Foldback Current Limiting 


Fig. 14, 16, ae - igen Vo R3 , Msense (Ra + Ra) 
Vo =[Vret SS ] ool oe x 1 };R3 =Ra Rese Ra Rse Ra 
= mM VSENSE y Ra + Ra } 


ISHORT CKT =[ 
Rsc Rg 
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APPLICATION INFORMATION (pin numbers relative to the plastic package). 


Figure 13 : Basic Low Voltage Regulator 
(Vo = 2 to 7V). 


REGULATED 
OUTPUT 


$-6219 


Ri + R2 
R1+Re2 


R3 may be eliminated for minimum compo- 
nent count. 


Typical performance 

Regulated Output Voltage 

Line Regulation (AV, = 3V)........cccssccssssecsssstessssessssesssasees 0.5mV 
Load Regulation (Alo = 50MA) ..........ccsscesssceesecsseeesereeseee 1.5mV 


for minimum 


Note : R3 = temperature drift 


Figure 15 : Negative Voltage Regulator. 


REGULATED 
OUTPUT 


Typical performance 
Regulated Output Voltage 

Line Regulation (AVi = 3V) 
Load Regulation (Alo = 100mA) 


IST SGS-THOMSON 


Figure 14 : Basic High Voltage Regulator 
(Vo = 7 to 37V). 


REGULATED 
OUTPUT 


5 -6221 
Ri-R2 
Ri + R2 


R3 may be eliminated for minimum compo- 
nent count. 


Typical performance 

Regulated Output Voltage 

Line Regulation (AV: = 3V) oc. eeeecsssssestscsesseetseesneeeens 1.5mV 
Load Regulation (Alo = 50mA) 


for minimum 


Note : R3 = temperature drift 


Figure 16 : Positive Voltage Regulator (external 
NPN Pass Transistor). 


REGULATED 
OUTPUT 


$-6223 


Typical performance 

Regulated Output Voltage 

Line Regulation (AVi = SV).....ccssccssssscessscesessssensssccsseroees 1.5mV 
Load Regulation (Alo = 1A) 
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HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER 


a SINGLE OR SPLIT SUPPLY OPERATION 
» LOW POWER CONSUMPTION 

a SHORT CIRCUIT PROTECTION 

a LOW DISTORTION, LOW NOISE 

a HIGH GAIN-BANDWIDTH PRODUCT 

m HIGH CHANNEL SEPARATION 


DESCRIPTION 


The LS204 is a high performance dual operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation So ‘ 
allows stable operation as voltage follower in spite fing 
of its high gain-bandwidth products. 

The circuit presents very stable electrical characte- 

ristics over the entire supply voltage range, and it : MINIDIP 

particularly intended for professional and telecom (Plastic) 

applications (active filters, etc). 


PIN CONNECTIONS (top views) 


ios aay © eee ee | \ OUTPUT Ir ; + 


8 |]+Vs 
NS H 2 | ere a | 2 


INVINP C) COINVINP 
“1 NON INV. 
A B INP A 3 


NON INV NON INV 
NON INV. 0) ee -¥s {] 4 INP B -Vs {| 4 Sl INP B 
INPA : 
“Vs S-3586/1 oe sree 
(case) 
T0-99 Minidip S0-8 


ORDER CODES 


LS2047B Ee! LS204M 
LS204CTB LS204CB LS204CM 
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INVERTING 
INPUT 
@ 


NON INVERTING 
INPUT 


UTPUT 
O 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter TO-99 _ mae uPackage 
Supply Voltage 
a Input Voltage 


Operating Temperature for _ 5 to ase 
— 55 to 125°C 


LS204C 0 to 70°C 


| Prot _| Power Dissipation at Tamb = 70°C 520mW 665mW 400mW 
ee ee Junction Temperature 150°C 150°C 150°C 
Storage Temperature — 65 to 150°C | — 55 to 150°C | — 55 to 150°C 


THERMAL DATA 


TO-99 | Minidip | S084 
Thermal Resistance Junction-ambient Max 155°C/W 120°C/W 200°C/W 


ELECTRICAL CHARACTERISTICS (V, =+15V, Tamb = ere unless otherwise specified) 


yn | _rarmeter_| tet conaons yp ns 


a 0 


St ween |_| 50 | 150 | | 100 | 300 | nA_| 
Tmin < Top < Tmax | | | 300 | || 700 | na 


[aT pes [r= wee oP 
Voe | input Ofset Votage [Ry <t0Ka———«d~S«ip es fas | fos [as [mv 


AS I tan cae i a 
ae Input Offset Voltage | Rg = 10KQ uVv/eC 
Drift Tmin < Top < Tmax 


eee 
|Tn<Top<Tmx | | | ao | | 100 |v 


ee Input Offset Current | Tmin < Top < Tmax 0.08 A 1 
Drift oC 
Output Short Circuit 23 23 mA 
Current 


Gy Large Signal Open Trin < Top < Thay 
Loop Voltage Gain Ri =2KQ Vs =+ 15V 100 100 
V,=+ 4V 95 95 
Gain-bandwidth f = 20KHz 1.8 1.5 2.5 MHz 
Product 


Total Input Noise nV 
Voltage 10 Vaz 
12 
20 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol Parameter 
symbot | Parameter a iyi 
Distortion Gy = 20dB Ri = 2KQ 0.1 0.1 
Vo = 2Vpp f=1KHZ 
Vo DC Output Voltage Ri = 2KQ Vs=t15V {+13 +13 V 
Swing Vs=t 4V £3 +3 
Large Signal Voltage | RL = 10KQ 
Swing f = 10KHz 
Slew Rate Unity Gain 1.5 1 V/us 
Ri = 2KQ 
CMR Common Mode V; = 10V 
Rejection Tmin < Top < Tmax 
Supply Voltage Vi=i1V f = 100Hz 
Rejection Tmin < Top < Tmax 
Pes 


Channel Separation | f = 1KHz [ee ee ee a ee 


Test Conditions 


Note : 


LS204 LS204A LS204C 


0 24 28 £12 216 Vs(V) 


Figure 2 : Supply Current vs. Ambient 
Temperature. 


tha 
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ei 
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Figure 3 : Output Short Circuit Current vs. 
Ambient Temperature. 
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Figure 4: Open Loop Frequency and Phase 
Response. 


Figure 6 : Supply Voltage Rejection vs. 
Frequency. 


10° f (Hz) 


Figure 8 : Output Voltage Swing vs. Load 
Resistance. 
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Figure 5: Open Loop Gain vs. Ambient 
Temperature. 
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Figure 7 : Large Signal Frequency Response. 
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Figure 9 : Total Input Noise vs. Frequency. 


eo 
nv Ss SEE ete Li 
VE aaa Se Hae | 

sn eT 


oo 
ee es cane an a ~wueomas 


ots en ewes 


SGS-THOMSON 
MICROELECTRONICS 


5/9 


619 


LS204 


APPLICATION INFORMATION 
Active low-pass filter : 


BUTTERWORTH 


The Butterworth is a "maximally flat" amplitude res- 

ponse filter. Butterworth filters are used for filtering 

signals in data acquisition systems to prevent alia- 

sing errors in sampled-data applications and for ge- 

neral purpose low-pass filtering. 

The cutoff frequency, fc, is the frequency at which 

the amplitude response is down 3 dB. The attenua- 

tion rate beyond the cutoff frequency is n6 dB per 

octave of frequency where n is the order (number of 

poles) of the filter. 

Other characteristics : 

¢ Flattest possible amplitude response. 

e Excellent gain accuracy at low frequency end of 
passband. 


Figure 10 : Amplitude Response. 


(a8) TL 
EEF 
BUEN) NO 
BNGSl 


BESSEL 


The Bessel is a type of "linear phase" filter. Because 
of their linear phase characteristics, these filters ap- 
proximate a constant time delay over a limited fre- 
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to provide time delays for low pass filte- 
ring of modulated waveforms and as a "running ave- 
rage" type filter. 


—nn 
The maximum phase shift is > radians where nis 


the order (number of poles) of the filter. The cutoff 
frequency, fc, is defined as the frequency at which 
the phase shift is one half of this value. For accurate 
delay, the cutoff frequency should be twice the maxi- 


mum signal frequency. The following table can be 
used to obtain the — 3dB frequency of the filter 


| 2 pole|4 Pole|6 Pole|8 Pole 


Other characteristics : 

¢ Selectivity not as great as Chebyschev or Butter- 
worth. 

e Very little overshoot response to step inputs. 

e Fast rise time. 


Figure 11 : Amplitude Response. 


G-3645 


— SS 


Bis INNS 
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Pt TTT AN TNT 


~60 
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0.1 os 1 3. fife 
CHEBYSCHEV 


Chebyschev filters have greater selectivity than 
either Bessel or Butterworth at the expense of rip- 
ple in the passband. 


Figure 12 : Amplitude Response ( + 1dB ripple). 
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APPLICATION INFORMATION (continued) 


Chebyschev filters are normally designed with peak- specified maximum ripple band and enters the stop 
to-peak ripple values from 0.2 dB to 2 dB. band. 

Increased ripple in the passband allows increased Other characteristics : 

attenuation above the cutoff frequency. ¢ Greater selectivity 


The cutoff frequency is defined as the frequency at e Very nonlinear phase response 
which the amplitude response passes through the e High overshoot response to step inputs 


The table below shows the typical overshoot and settling time response of the low pass filters to a step input. 


Peak ; ; 
Number of Settling Time (% of final value) 
% Overshoot| + 1% + 0.01% 
Butterworth 1.1/f,sec. 1.7/f, Sec. 
1.7/f, 2.8/f, 


2.4/f. 3.9/f, 
Chebyschev (ripple + 0.25dB) 


1.9/f,sec. 
3.8/f, 


= 
gi 


3.1/f¢ 5.1/f¢ 


1.6/f. 
5.4/f, 
10.4/f, 
16.4/f, 


Chebyschev (ripple + 1dB) 


ANMILAODAM/OOD FNM 


© oO) 


Design of 2nd order active low pass filter (Sallen and Key configuration unity gain-op-amp). 


Figure 13 : Filter Configuration. 


Co S-3567/2 


Where : 


Wc = 2 fe with fc = cutoff frequency 
— = damping factor. 
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APPLICATION INFORMATION (continued) 


Three parameters are needed to characterise the 
frequency and phase response of a 2"4 order active 
filter : the eal aE the damping factor (&) or the 
Q-factor (Q , and the cutoff frequency (fc). 


The higher - responses are obtained wit a se- 
Table 1. 


Filter | Filter Response 


ries of 2™ order sections. A simple RC section is in 
troduced when an odd filter is required. 


The choice of ’& (or Q-factor) determines the filter 
response (see table). 


Butterworth ao Frequency at Which Gy =— 3dB 
2 e 


Chebyschev 
ae 
2 v2. 


Figure 14 : Filter Response vs. Damping Factor. 
G-3650/1 

sae) He 

Lk sot LLY 


eet 
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re CCT 
tt Nt 
a 


01 02 OF 1 2 5 (fifo) 


EXAMPLE 


Frequency at which the amplitude response passes 
through specified max. ripple band and enters the stop 
band. 


Fixed R = R1 = R2, we have (see fig. 13) 
Ci = : 


“R @e 

1 1 

Ro Ee 

The diagram of fig.14 shows the amplitude re- 
sponse for different values of damping factor € in 


Co= 


Figure 15 : 5th Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 


In the circuit of fig. 15, for fe = 3.4 KHz and The same method, referring to Tab. Il and fig. 16, is 
Ri = Ri = Re = R3 = Ra =10 KQ, we obtain : used to design high-pass filter. In this case the dam- 
1 : ping factor is found by taking the reciprocal of the 
Ci= 1.354 a . Onde = 6.33nF numbers in Tab. Il. For fc = 5 KHz and Cj =C;i= Co 
- = C3 =C4=1 nF we obtain: 
Cpeo4ote oes S4G7nk Reet. -23sKo 
R= 2nte 1.354 C 2ntfc : 
1 1 1 
Co= 1.753--L a = 8.20nF Ri= 945] CG | Baty = /9OKO 
Se Pieecen hele Lege 
C3 = 0.309 - aa 1.45nF 1.753 C  2nfc 
1 1 1 
Rg=ase +> mea (C= 108KQ 
C4 = 3.325 - oi ae ee =15.14nF 0.309 C 2ntc 
The attenuation of the filter is 30 dB at 6.8 KHz and R4= 3305 6 On. = 9.6KQ 
better than 60 dB at 15 KHz. " : 


Table 2: = Factor for Low-pass Butterworth Filters. 


2a ARE HC RN CR SR IE 
A 

[ose [408 | ose ae | PCS 
Se OY 
Te | _[oses [1.005 | 0707 | taia | ose | aes [| 
7 [4806 [o4e8 [153 [oes | 1608 [oz | aaa [| 
[es [ose [102 [oss [120 | osse | 120 | ores | s125 | 


Figure 16 : 5th Order High-pass Filter (Butterworth) with Unity Gain Configuration. 


214 order 


[jy SGS-THoMson 
>| | MICROELECTRONICS 


623 


ky7 et ee Ls404 


HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS 


a» SINGLE OR SPLIT SUPPLY OPERATION 
u VERY LOW POWER CONSUMPTION 

a SHORT CIRCUIT PROTECTION 

a LOW DISTORTION, LOW NOISE 

a HIGH GAIN-BANDWIDTH PRODUCT 

» HIGH CHANNEL SEPARATION 


DESCRIPTION DIP14 


The LS404 is a high performance quad operational (Plastic 0.25) 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable operation as voltage follower in spite 
of its high gain-bandwidth product. The circuit pre- 
sents very stable electrical characteristics over the 
entire supply voltage range, and it is particularly in- 
tended for professional and telecom applications 
(active filters, etc.). 


The patented input stage circuit allows small input 
signal swings below the negative supply voltage and 
prevents phase inversion when the input:is over dri- 
ven. 


CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 


OUTPUT DO 


INV INR OD 


DIP 14 S0-14 
L404 - LS404D1 
LS404C LS404CB LS404CD1 
LS 8404 LS 8404M 
LS8404C LS 89404CM 


“VS 
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SCHEMATIC DIAGRAM (one section) 


INVERTING 
INPUT 
O 


ax) | |RY3 


NON INVERTING 
INPUT 
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ABSOLUTE MAXIMUM RATINGS 


(positive) +Vs5 
(negative) -—-V,-—0.5 


Top Operating Temperature LS404 — 25 to + 85 
LS404C 0 to + 70 


Power Dissipation (Tamb = 70°C) 


Storage Temperature — 55 to + 150 °C 


THERMAL DATA 


DIP 14 SO-14 J 
Thermal Resistance Junction-ambient Max 200°C/W 200°C/W 


(*) Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm). 


ELECTRICAL CHARACTERISTICS (V, =+12 V, Tamp = 25 °C, unless otherwise specified) 


Symbol Parameter Test Conditio LS404 LS404C 
est Conditions 
tin [ Typ. [Max [Wn | Typ. [a 


| ts | Supply Curent | TT 2 | tS 8 Lm 
jInput Bias Curent | 


Vos__| Input Offset Voltage 


ae 

ad 

Les 
Drift Tmin < Top < Tmax 

| 10 | 

= 0.08 


ol 
oO 


Oo 


of 


=) 
me) 
Cc 
as 
D 
£4) 
2, 
oy 
seb) 
3 
9 
@O 
— 
i] 
a 
A 
a 
N 


i rm} 
fst | [ee 


QO 
ce 
TO 
© 
J = 
~* 
> 
ro) 
— 
© 
=. 
Oo 
Cc. 
ome a 
no 
8 
8 
oO 
3 
> 


A 
| 
G 


Large Signal Open Ri = 2KQ Vs=+12V 100 100 
Loop Voltage Gain s=t4V 95 95 
Gain-bandwidth f = 20 KHz 1.8 3 1.5: 25 MHz 
Product 
Total Input Noise 
Voltage 8 15 
10 
R 18 
Distortion Unity Gain 
Rp =2KQ 0.01 | 0.04 0.01 % 
o = 2 Vpp 0.03 0.03 
Vo DC Output Voltage Ri. =2KQ Ve=+12V |} +10 +10 V 
Swing s=t 4V +3 +3 


7 

sc 

v 
e 
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ELECTRICAL CHARACTERISTICS (continued) 


nT. [to in| Typ. [Wa 


Vo Large Signal Voltage | f = 10 KHz RL = 10 KQ 
Swing Ri = 1KQ 
Slew Rate Hl Gain 1.5 1 V/us 
Ri. =2 KQ 
Common Mode Vi =10V 94 
Rejection 
Supply Voltage VieiV f = 100 Hz 
Rejection 
Channel Separation | f= 1 KHz j100 | zo] |} 120] | eB 


Figure 1: Supply Current vs. Supply Voltage. Figure 2 : Supply Current vs. Ambient 
Temperature. 
G-433111 G-4332/1 


EB 
no) 
me] 


0 th +8 £12 +16 V.(V) -50 0 50 100) Tamb(°C) 
Figure 3 : Output Short Circuit Current vs. Figure 4: Open Loop Frequency and Phase 
Ambient Temperature. Response. 


0 
10 10? 10° 10° ~— 105 10° (Hz) 
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Figure 5: Open Loop Gain vs. Ambient Figure 6 : Supply Voltage Rejection vs. 
Temperature. Frequency. 


-50 0 50 100 Tamb(°C) 10 10? 10° 10‘ 10° (Hz) 
Figure 7 : Large Signal Frequency Response. Figure 8 : Output Voltage Swing vs. Load 
Resistance. 
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Figure 9 : Total Input Noise vs. Frequency. 
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APPLICATION INFORMATION 


Active low-pass filter : 
BUTTERWORTH 


The Butterworth is a "maximally flat" amplitude res- 

ponse filter. Butterworth filters are used for filtering 

signals in data acquisition systems to prevent alia- 

sing errors in sampled-data applications and for ge- 

neral purpose low-pass filtering. 

The cutoff frequency, fc, is the frequency at which 

the amplitude response in down 3 dB. The attenua- 

tion rate beyond the cutoff frequency is - n6 dB per 

octave of frequency where nis the order (number of 

poles) of the filter. 

Other characteristics : 

e Flattest possible amplitude response. 

e Excellent gain accuracy at low frequency end of 
passband. 


Figure 10 : Amplitude Response. 
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BESSEL 

The Bessel is a type of "linear phase" filter. Because 
of their linear phase characteristics, these filters ap- 
proximate a constant time delay over a limited fre- 
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to provide time delays for low pass filte- 
ring of modulated waveforms and as a "running ave- 
rage" type filter. 


The maximum phase shift is —S radians where 


nis the order (number of poles) of the filter. The cut- 
off frequency, fc, is defined as the frequency at which 
the phase shift is one half to this value. For accurate 
delay, the cutoff frequency should be twice the maxi- 


Se a. a ee STR S 


mum signal frequency. The following table can be 
used to obtain the — 3 dB frequency of the filter. 


pote Pole] Pote]é Pole 


Other characteristics : 

¢ Selectivity not as great as Chebyschev or Butter- 
worth. 

e Very small overshoot response to step inputs. 

e Fast rise time. 


Figure 11 : Amplitude Response. 
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CHEBYSCHEV 


Chebyschev filters have greater selectivity than ei- 
ther Bessel or Butterworth at the expense of ripple 
in the passband. 


Figure 12 : Amplitude Response (+ 1 dB ripple). 
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APPLICATION INFORMATION (continued) 


Chebyschev filters are normally designed with peak- 
to-peak ripple values from 0.2 GB to 2 GB. 


Increased ripple in the passband allows increased 
attenuation above the cutoff frequency. 


The cutoff frequency is defined as the frequency at 
which the amplitude response passes through the 


specified maximum ripple band and enters the stop 
band. 


Other characteristics : 

e Greater selectivity. 

e Very nonlinear phase response. 

e High overshoot response to step inputs. 


The table below shows the typical overshoot and setting time response of the low pass filter to a step input. 


Chebyschev (ripple + 0.25dB) 


Chebyschev (ripple + 1dB) 


(ee) 


Peak 
Overshoot 


Settling Time (% of final value) 


1.1/f. sec. 1.7/f. sec. 1.9/f, sec. 
1.7/f¢ 2.8/f, 3.8/f, 
2.4/f¢ 3.9/f. 

Sallie 5.1/f. 


1.6/fc 
5.4/fc 
10.4/fc 
16.4/fc 


1.6/fc 2.7/fc 
4.8/fc 8.4/fc 
8.2/fc 16.3/fc 
11.6/fc 24.8/fc 


Design of 2"° order active low pass filter (Sallen and Key configuration unity gain op-amp). 


Figure 13 : Filter Configuration. 
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Where : 


Oc = on fo 


with fc = cutoff frequency 


€ =damping factor. 
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APPLICATION INFORMATION (continued) 


Three parameters are needed to characterize the 
frequency and phase response of a 2"¢ order active 
filter : the gain (Gy), the damping factor (€) or the Q- 
factor (Q = (2 £)"'), and the cutoff frequency (fc). 

The higher order responses are obtained with a se- 


Table 1. 


Filter | Filter Response 


ries of 2" order sections. A simple RC section is in- 


troduced when an odd filter is required. 


The choice of ’& (or Q-factor) determines the filter 
response (see table). 


Cutoff | Cutoff Frequencyfe = fe 


Butterworth ND) Frequency at which Gy =— 3dB 
2 3 


Chebyschev Py 
y 212 me 
2 V2 


Figure 14 : Filter Response vs. Damping Factor. 
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EXAMPLE 


Frequency at which the amplitude response passes 
through specified max. ripple band and enters the stop 
band. 


Fixed R = Ri = Roa, we have (see fig. 13) 
fl 6 
Ci A ae 
1 1 
C2= R Ewe 


The diagram of fig.14 shows the amplitude re- 
sponse for different values of damping factor € in ane 
order filters. 


Figure 15: 5!" Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 


In the circuit of fig. 15, for fe = 3.4 KHz and The same method, referring to Tab. Il and fig. 16, is 
Ri = Ri = Re = Rs = Ra =10 KQ, we obtain : used to design high-pass filter. In this case the dam- 
1 1 ping factor is found by taking the reciprocal of the 
Cj = 1.354 - s- Gee ie 6.33nF numbers in Tab. II. For fe = 5 KHz and Cj = C1 = Ce 
es = C3 = C4 = 1 nF we obtain: 
1 1 1 1 1 
C1 =0.421-— - —— =1.97nF ee. 
R 2ntfc eae. iG one 
Go Gege 5 os Aone Aifec ais ee eSB KO 
ae A> Ones "0.421 © ie. 2" 
C3 = 0.309 a» = 1.45 nF = eee amen = 18.2 KQ 
saul ace cali) - >) ak em 75a CG: One 
1 1 1 
= eee eee Rg==n--- ea «= 108 KD 
C4= 3.325 R Ont, =15.14 nF 0.309 C  2nfe 
The attenuation of the filter is 30 dB at 6.8 KHz and Ric gree oon S 96KQ 
better than 60 dB at 15 KHz. 3.325 C ante 


Table II : Damping Factor for Low-pass Butterworth Filters. 
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fs |_| 0966 [1.035 | o7o7 | ssa | caso | ae [| 
[7 [rss [oaes [15s [ses | ve0e | ozee [4a | 
[es | | 098 [1.02 [oes [120 | osss | 1.80 | 010s | 5125 


Figure 16: 5" Order High-pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 
Figure 17 : Multiple Feedback 8-pole Bandpass Filter. 
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fe = 1.180 Hz; A=1 ; Co = Cg = C5 = Co = Cg = Co = Ct = C11 = 3.300 pF ; 
Ri = Re = Ro = Ri2 = 160 KQ ; Rs = Rg = Ria = Ria = 330 KQ: Ra = R7 = Rio = Ri3 = 5.3 KO 
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Figure 18 : Frequency Response of Band-pass Figure 19 : Bandwidth of Band-pass Filter. 
Filter. 
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This is a 6-pole Chebychev type with + 0.25 dB rip- 55 dB at 710 Hz and reaches 80 dB at 1065 Hz. The 
ple in the passband. A decoupling stage is used to in band attenuation is limited in practice to the 


avoid the influence of the input impedance on the + 0.25 dB ripple and does not exceed 0.5 cB at 
filter's characteristics. The attenuation is about 0.9 fe. 
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Figure 21 : Subsonic Filter (Gy = 0 dB). 


Figure 22 : High Cut Filter (Gy = 0 dB). 
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DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER 


a SINGLE OR SPLIT SUPPLY OPERATION 
a» LOW POWER CONSUMPTION 

a HIGH UNITY GAIN BANDWIDTH 

a NO CROSSOVER DISTORSION 

au NO POP NOISE 

a SHORT-CIRCUIT PROTECTION 

a» HIGH CHANNEL SEPARATION 


DESCRIPTION 


The LS4558N is a high performance dual operatio- 
nal amplifier with frequency and phase compensa- 
tion built into the chip. The internal phase compen- 
sation allows stable operation as voltage follower in 
spite of its high gain-bandwidth products. The circuit 
presents very stable electrical characteristics over 
the entire supply voltage range and the specially 
designed input stage allow the LS4558N to be used 


SCHEMATIC DIAGRAM (one section) 


INVERTING 
INPUT 
OC 


November 1988 


in low noise audio signal processing application. 
The optimized class AB output stage completely eli- 
minates crossover, distorsion, under any load condi- 
tions, has large source and sink capacity and is 
short-circuit protected. 


Minidip SO-8J 


ORDER CODES: LS4558NB (Minidip) 


LS4558NM (SO-8J) 


NON INVERTING 
INPUT 


LS4558N 


CONNECTION DIAGRAM (top view) 


Power Dissipation at Tamb = 70 °C Minidip 
Micropackage 


Operating Temperature 0 to 70 
— 55 to 150 °C 


THERMAL DATA 


Thermal Resistance Junction-ambient 120 °C/W 200 °C/W 


TYPICAL APPLICATIONS 


Balanced Input Audio Preamplifier. DC Coupled Low-pass Active Filter 
(f = 1 KHz, Gv = 6 dB). 


$- 4776/2 
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ELECTRICAL CHARACTERISTICS (V, =+15 V, Tampb = 25 °C, unless otherwise specified) 


a a a a oe 
[id eeaomemen ee a ea 
i a 
| Tmn<Top<Tmx sss | =~ | | 800 || 
| Ri | InputResistance sf fet KHz | | ot | 
FRostoKe | Ct | | om 
Rg < 10 KQ 
Tmin < Top < Tmax 


Rp =2 KQ 


|| 500 | nA | 


Dasma 


a 
Oo 
oO 


B=1 Hz to 1 KHz 


Popcorn Noise 
t= 10 sec 
Distortion Gy =20 dB Ry. =2 KQ 0.03 9% 


SR Slew Rate Unity Gain 
CMR | Common Mode Rejection V,=10V 70 
Tmin < Top < Tmax 
Supply Voltage Rejection V.=1V f = 100 Hz } 100 | | 8 
Tmin < Top < Tmax 


CS__| Channel Separation | f=40KHz Ro =1K@ | | 105 | |B 


(*) Both amplifiers. 
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Figure 1 : Open Loop Frequency and Phase 
Response. 


Figure 3 : Supply Voltage Rejection vs. 
Frequency 
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Figure 5 : Output Voltage Swing vs. Load 
Resistance. 
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Figure 2 : Open Loop Gain vs. Ambient 
Temperature. 
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Figure 4 : Large Signal Frequency Response. 
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Figure 6 : Total Input Noise vs. Frequency. 


SGS-THOMSON 
MICROELECTRONICS 


LS4558N 


Figure 7 : Channel Separation. Figure 8 : Transient Response. 
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Figure 9 : Voltage Follower Large-signal Pulse 
Response. 
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APPLICATION INFORMATION 
Figure 10 : Mike/Line Preamplifier for Audio Mixers (0 dB to 60 dB continuously variable gain). 


OGEHE. KA 


SHIELD | \2.2kn 


1.8 nF | |22k.a 


mm) pF 


Note: The particular characteristics of the circuit of Figure 10 is that using a linear potentiometer, the gain is continuously varia- 
ble in a logarithmic mode from 0 GB to 60 GB In the audio band. 
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Figure 11 : Microphones Nomograph. 


SOUND 
PRESSURE LEVEL 
dB 


MICROPHONE 
OUTPUT VOLTAGE 


NOISY FACTORY 
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5-PIECE ORCHESTRA 
AT 10 FEET 


AVERAGE STREET 
1 pbar=idyne/cm? 


NOISY OFFICE 
NORMAL SPEECH 
AT 3 FEET 


PRIVATE OFFICE 


AVERAGE RESIDENCE 


Figure 12 : Very Low-noise Mike Preamplifier 
(Gy = 40 dB). 
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Figure 13 : Balanced Input Audio Preamplifier. 
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Figure 14 : 20 Hz to 200 Hz Variable High-pass Figure 15 : Frequency Response of the High- 
Filter (Gv = 3 dB). pass Filter of Figure 14. 
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Figure 18 : Subsonic or Rumble Filter (GV = 0 GB). 


For fc = 3.4 KHz and RI = R1 = R2 = R3 = R4 = 10 KQ, we obtain : 


{ | | 1 
C1 = 1.354 - R Onh = 6.33 nF C1 = 0.309 R Onfe = 1.45 nF 
c1=0.421-—-..—1_ <1.97nF o1-3.905- 1 2 1544nF 

ies R 2nfe © ae R 2nf © 

1 1 The attenuation of the filter is 30 dB at 6.8 KHz and 
C1 = 1.753 ° ee 8.20 nF better than 60 dB at 15 KHz. 
aw Gs -THOMSON 

S47 WCROELECTROMICS 


644 


LS4558N 


Figure 21 : Six-pole 355 Hz Low-pass Filter (Chebychev type). 


This is a 6-pole Chebychev type with + 0.25 dB ripple in the passband A decoupling stage ts used to avoid the influence of the input im- 
pedance on the filter’s characteristics. The attenuation is about 55 dB at 710 Hz and reaches 80 dB at 1065 Hz. The in band attenuation 
is limited in practice to the + 0.25 dB ripple and does not exceed 0.5 dB at 0.9 fc 
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SERIAL INPUT LCD DRIVER 


DRIVES UP TO 32 LCD SEGMENTS 

=» DATA TRANSFER: FIXED ENABLE MODE 
FOR DIP-40, ENABLE AND LATCH-MODE FOR 
44PLCC 

m INPUTS ARE CMOS, NMOS AND TTL 

COMPATIBLE 


a CASCADABLE B C 

m REQUIRES ONLY 3 CONTROL LINES DIP-40 Plastic | 44 PLCC Plastic Chip Carrier 

& ON CHIP OSCILLATOR ORDERING NUMBERS: M8438A DIE 1 

mw» CMOS TECHNOLOGY FOR WIDE SUPPLY M8438A B6 
VOLTAGE RANGE M8438A C6 

m= —40 TO 85°C TEMPERATURE RANGE 

DESCRIPTION 


PIN CONNECTIONS 


The M8438A is a CMOS integrated circuit that dri- 
ves an LCD display, usually under microprocessor 
control. The part acts as a smart peripheral that 
drives up to 32 LCD segments. It needs only three 
control lines due to its serial input construction. It 
latches the data to be displayed and relieves the 
microprocessor from the task of generating the re- 
quired waveforms. 

The M8438A can drive any standard or custom pa- 
rallel drive LCD whether it be field effect or dyna- 
mic scattering. Several drivers can be cascaded, 
if more than 32 segments are to be driven. The AC 
frequency of the LCD waveforms can be supplied 
by the user or can be generated by attaching a ca- 
pacitor to the OSC input which determines the fre- 
quency of an internal oscillator. 

The M8488A is available in DIE form and assem- 
bled in 40 pin dual-in line plastic or 44 PLCC 
packages. 


sec 20[]'6 
SEG 19[}17 
18 18 20 21 22 23:26 25 26 27 2% 
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BLOCK DIAGRAM 


g 
32 SEGMENT DRIVERS 
32 LATCHES 


CLOCK O 


DIO 32 BIT STATIC SHIFT REG 


ea S 8307 


‘Oscillator (capacitor or drive signal) 
‘Enable/Latch control input 

:Mode select input (not available in 40 Pin DIL) 
‘Serial data input 

‘Serial data output 

‘Backplane output 

‘Segment output signal 


ABSOLUTE MAXIMUM RATINGS 


[Pp | Power dissipation ——SCSCS~“~“~*~*~tCS*~‘“~*~*s 


Stresses in excess of those listed under ‘“‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (Tampb=25°C and Vpp =5V unless otherwise noted) 


STATIC ELECTRICAL CHARACTERISTICS 


Supply Current 


Input High Level 


Input Low Level 


Input Capacitance 
Input High Level 


Input Low Level 


Input Current 


| top | 
fon 
ohn Input Current 
| tin | 
| Ron_| 
| Fon _| 


DYNAMIC ELECTRICAL CHARACTERISTICS 


FUNCTIONAL DESCRIPTION 
LCD-AC-GENERATOR 


This block generates a 50% duty cycle signal for 
the backplane output. The circuit can be used in 
two different modes: oscillator or driven. 


OSCILLATOR MODE: 

In this mode the backplane frequency is determi- 
ned by the internal RC oscillator together with an 
8-stage frequency divider. For generating the back- 
plane output signal of 50% duty cycle the oscilla- 
tor frequency is divided by 256. The RC oscillator 
requires an external capacitor to be connected bet- 


IST A cecal edited 
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[Osciiior<isite ————SS~d Sdn 

Fauiescent Curent ———SSS*d Vp SSSCSC*dSTSSd 

ee id on 
ane 


eee 
eee 
[Divenmods—SS—*d Vo | PV 


Output Offset Voltage C, =250pF between each SEG output 
and BP 


| Ron | Data Output Impedance I = 100pA 


ts0 [Data Setup Time —=SS~*«d Rg bang? 
tps [DO Propagation Delay ——=«d Fig. GaSe 
pt [oockRete SS SSS*«*d Mop = 10-50% auty cycle, 


[0 | 2ve5) v_ 


-1Vpp 


me 


oO oO 
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Test Condition ax Unit 


— 
or 
oO 


A 
NJ 
or 


am 
N 


O 
El 


1.5 


ween input OSC and VSS. A value of 18pF gives 
a backplane frequency of 80Hz + 30% at 
VDD = 5V. The variation of the backplane frequency 
over the entire temperature and supply voltage ran- 
ge is + 50%. 


DRIVEN MODE: 

In this mode the signal at the backplane output BP 
is in phase with an external driving signal applied 
to input OSC. This mode is used to synchronize 
the LCD drive of two or more cascaded driver 
circuits. 
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FUNCTIONAL DESCRIPTION (continued) 


DETECTION LOGIC 


The circuit is able to distinguish between the con- 
ditions for oscillator or driven mode. If the circuit 
is to be in the oscillator mode, the OSC pin has 
a capacitor connected to it. The oscillator will start 
as soon as the supply voltage exceeds a certain 
minimim value. The signal at pin OSC swings wi- 
thin a range from 0.3Vpp to 0.7Vpp. If the circuit 
is to be in the driven mode, the OSC pin has to be 
forced to logic levels by an external source. The 
transition time between the logic levels must be 
short, so that the circuit does not react on the vol- 
tage level in between. In the driven mode the 
8-stage frequency divider is by-passed. 


SEGMENT OUTPUTS 


A logic 0 at the data input DI causes a segment 
output signal to be in phase with the backplane si- 
gnal and turns the segment off. A logic 1 causes 
a segment output to be in opposite phase to the 
backplane signal and turns the segment on. 


MICROPROCESSOR INTERFACE 


The circuit can operate in two different data tran- 
sfer modes: Enable mode and latch mode. One of 
either mode can be chosen with the mode select 
input MS. An internal pull up device is provided bet- 
ween this input and VDD. Enable mode is selec- 
ted if MS is left open or connected to VDD. 

Latch mode is selected if MS is connected to VSS. 
The input MS is not available, if the device is 
assembled in the 40 pin package, and is inter- 
nally fixed to operate in ENABLE MODE. 


ENABLE MODE 


Fig. 3 shows a timing diagram of the enable mo- 
de. Data is serially shifted in and out of the shift 
register on the negative transition of the clock. 
Serial entry into the shift register is permitted when 
the enable/latch control EL is high. When EL is low 
it causes the shift register clock to be inhibited and 
the content of the shift register to be loaded into 
the latches that control the segment drivers. 


LATCH MODE 


Fig. 4 shows a timing diagram of the latch mode. 
Data is serially shifted in and out of the shift regi- 
ster on the negative transition of the clock. 

Serial entry into the shift register is permitted in- 
dependently of the enable/latch control EL. When 
EL is high it causes a parallel load of the content 
in the shift register into the latches. It is accepta- 


ble to tie the EL line high. Then the latches are tran- 
sparent and only two lines, clock and data input, 
would then be needed for data transfer. 


POWER-ON LOGIC 


A power on reset pulse is generated internally when 
the supply voltage is being turned on. The gene- 
ration of the reset pulse is level dependent and will 
occur even on a slowly rising supply voltage. 

The power on reset pulse resets all shift register 
stages and the latches that control the segment dri- 
vers. Therefore all segment outputs are initially in 
phase with the backplane output. This causes the 
display to be blanked and no arbitrary data to show 
up. This condition is maintained until data is shif- 
ted into the register and loaded into the latches. 


CONDITIONS FOR POWER-ON RESET FUNCTION 


The POR circuit triggers on the rising slope of the 
positive supply voltage Vpp. A reset pulse will be 
generated, if conditions a) through d) are given: 


a) Level Vop 
Rising slope from V1 to V2 Sane te 
Vi max=0.5V  /f2- = 
V2 min=3.0V 

aE 30y 

b) Rise time | 
tr min=10 ys San osv 
tp max=1s + 


c) Rise function 
The function of Vpp between t1 und t2 may be 
nonlinear, but should not show a maximum and 
should not exceed 0.25 V/ns. 


d) Recovery time 
The minimum time between turn-off and turn- 
on of Vpp is 1s. 


CASCADE CONFIGURATION 


Several LCD drivers can be cascaded if a liquid cry- 
stal display with more than 32 segments is to be 
connected. 

The phase correlation between all segment outputs 
is achieved by using the second (and any other) 
device in the driven mode. 

Two different cascade configurations can be cho- 
sen depending whether the LCD frequency is to 
be determined by the internal RC oscillator or by 
an external signal. 

Figure 3 shows the connection scheme for a self 
oscillating configuration, figure 4 shows the con- 
nection of an externally controlled one. 
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Fig. 1 - Timing diagram of enable mode: set-up and hold time 
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Fig. 2 - Timing diagram of latch mode: set-up and hold time 
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Fig. 3 - Timing diagram of enable mode: Serial load into SR and parallel transfer to LCD 


ENABLE/ LATCH / ‘ 


DATA IN 


SEGMENTS / \ / \ / \ / \ l x xX 
PAPE! uN Nef ee Ne 


$- 8312/1 


Fig. 4 - Timing diagram of latch mode: Serial load into SR and parallel transfer to LCD 
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Fig. 5 - Cascade configuration, self oscillating 
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Fig. 6 - Cascade configuration, drive by external signal 
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ITT cara ml pts M8439 


SERIAL INPUT LCD DRIVER 


m DRIVES UP TO 32 LCD SEGMENTS 
m DATA TRANSFER: LATCH MODE 


m INPUTS ARE CMOS, NMOS AND TTL 
COMPATIBLE 


CASCADABLE 
REQUIRES ONLY 3 CONTROL LINES 
ON CHIP OSCILLATOR Plastic DIP-40 


CMOS TECHNOLOGY FOR WIDE SUPPLY ORDERING NUMBERS: M8439 B6 
VOLTAGE RANGE M8439 DIE 1 


m —40 TO 85°C TEMPERATURE RANGE 


DESCRIPTION 


The M8439 is a CMOS integrated circuit that dri- 
ves an LCD display, usually under microprocessor 
control. The part acts as a smart peripheral that 
- drives up to 32 LCD segments. It needs only three 
control lines due to its serial input construction. It 
latches the data to be displayed and relieves the 
microprocessor from the task of generating the re- 
quired waveforms. 

The M8439 can drive any standard or custom pa- si aoa 
rallel drive LCD whether it be field effect or dyna- 
mic scattering. Several drivers can be cascaded, 
if more than 32 segments are to be driven. The AC 
frequency of the LCD waveforms can be supplied 
by the user or can be generated by attaching a ca- 
pacitor to the OSC input which determines the fre- 
quency of an internal oscillator. 

The M8439 is available in DIE form and assembled 
in 40 pin dual-in line plastic. 


PIN CONNECTION 
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BLOCK DIAGRAM 


LCD AC 
GENERATOR 


g 


EL © 


CLOCK O 


32 BIT STATIC SHIFT REG. 


Ea S-9596 


:Oscillator (capacitor or drive signal) 
:Enable/Latch control input 

‘Serial data input 

‘Serial data output 

‘Backplane output 

‘Segment output signal 


ABSOLUTE MAXIMUM RATINGS 


Symbol 
(VDD-VSS) Supply voltage 


Power dissipation 
Storage temperature 
Operating temperature 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (Tamp =25°C and Vpp = 5V unless otherwise noted) 
STATIC ELECTRICAL CHARACTERISTICS 


Cd 
[Vep [SuppiyVoiage ——SSCSC=“~—sSC“‘“‘SCSC™#(#(#NNNSULC AN Pw | 
too [Supply Curent ——=~=~S*~*~*~*«diC itor Ft —SCSCS*~*~dtCSC*~C~*~rtC‘a 
Tg [Quiescent Current Sips SSSS~iSSC*d 


Pee oe ee ee) 
re eee een Rn ee 
[Drivenmode Vo | 


Driven mode 


Input Low Level 


Input Current 


Backplane Output Impedance IL = 100pnA Ne ct Genk ake 


VIH 
VIL 
C 
VIH 
VIL 
Vorr | Output Offset Voltage C, = 250pF between each SEG output +50 | mV 
and BP 


tTR 
te [Fig tand2—SSSC~SS Cd 
Two [Data Hold Time ———S—~«d igang SSSC~*dCS 
SS 
Ttwe [EtHo Time ———S~=~d RD SSCSC~S~s CdS 
we [EL Puse wih ———SS—~d i SSCS~S S| 
Tce [ClocktoELTime ———S«d(Fig a? SSSCS~CR 
"toa [D0 Propagation Delay ——=«dRIg. i Gr=SeerFSSSC*SSC*d; CSO | 


FUNCTIONAL DESCRIPTION 
‘LCD-AC-GENERATOR 


This block generates a 50% duty cycle signal for 
the backplane output. The circuit can be used in 
two different modes: oscillator or driven. 


OSCILLATOR MODE: 


ween input OSC and VSS. A value of 18pF gives 
a backplane frequency of 80Hz + 30% at 
VDD = 5V. The variation of the backplane frequency 
over the entire temperature and supply voltage ran- 
ge is + 50%. 


In this mode the backplane frequency is determi- 
ned by the internal RC oscillator together with an 
8-stage frequency divider. For generating the back- 
plane output signal of 50% duty cycle the oscilla- 
tor frequency is divided by 256. The RC oscillator 
requires an external capacitor to be connected bet- 


DRIVEN MODE: 

In this mode the signal at the backplane output BP 
is in phase with an external driving signal applied 
to input OSC. This mode is used to synchronize 
the LCD drive of two or more cascaded driver 
circuits. 
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FUNCTIONAL DESCRIPTION (continued) 


DETECTION LOGIC 


The circuit is able to distinguish between the con- 
ditions for oscillator or driven mode. If the circuit 
is to be in the oscillator mode, the OSC pin has 
a capacitor connected to it. The oscillator will start 
as soon as the supply voltage exceeds a certain 
minimim value. The signal at pin OSC swings wi- 
thin a range from 0.3Vpp to 0.7Vpp. If the circuit 
is to be in the driven mode, the OSC pin has to be 
forced to logic levels by an external source. The 
transition time between the logic levels must be 
short, so that the circuit does not react on the vol- 
tage level in between. In the driven mode the 
8-stage frequency divider is by-passed. 


SEGMENT OUTPUTS 


A logic 0 at the data input DI causes a segment 
output signal to be in phase with the backplane si- 
gnal and turns the segment off. A logic 1 causes 
a segment output to be in opposite phase to the 
backplane signal and turns the segment on. 


MICROPROCESSOR INTERFACE 


Fig. 2 shows a timing diagram. 

Data is serially shifted in and out of the shift regi- 
ster on the negative transition of the clock. 
Serial entry into the shift register is permitted in- 
dependently of the enable/latch control EL. When 
EL is high it causes a parallel load of the content 
in the shift register into the latches. It is accepta- 
ble to tie the EL line high. Then the latches are tran- 
sparent and only two lines, clock and data input, 
would then be needed for data transfer. 


POWER-ON LOGIC 


A power on reset pulse is generated internally when 
the supply voltage is being turned on. The gene- 
ration of the reset pulse is level dependent and will 
occur even on a slowly rising supply voltage. 

The power on reset pulse resets all shift register 
stages and the latches that control the segment dri- 


vers. Therefore all segment outputs are initially in 
phase with the backplane output. This causes the 
display to be blanked and no arbitrary data to show 
up. This condition is maintained until data is shif- 
ted into the register and loaded into the latches. 


CONDITIONS FOR POWER-ON RESET FUNCTION 


The POR circuit triggers on the rising slope of the 
positive supply voltage Vpp. A reset pulse will be 
generated, if conditions a) through d) are given: 


a) Level ape 
Rising slope from V1 to V2 Le 
Vimax=0.5V _forra mv 
V2 min=3.0V ve 

b) Rise time ae 
tr min=10 ps om arene osV 
tp max=15 lt 1 


c) Rise function 
The function of Vpp between t1 und t2 may be 
nonlinear, but should not show a maximum and 
should not exceed 0.25 V/ps. 


d) Recovery time 
The minimum time between turn-off and turn- 
on of Vpp is 1s. 


CASCADE CONFIGURATION 


Several LCD drivers can be cascaded if a liquid cry- 
stal display with more than 32 segments is to be 
connected. 

The phase correlation between all segment outputs 
is achieved by using the second (and any other) 
device in the driven mode. , 

Two different cascade configurations can be cho- 
sen depending whether the LCD frequency is to 
be determined by the internal RC oscillator or by 
an external signal. 

Figure 3 shows the connection scheme for a self 
oscillating configuration, figure 4 shows the con- 
nection of an externally controlled one. 
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Fig. 1 - Timing diagram of latch mode: set-up and hold time 


DATAIN 


DATA OUT 


S- 8311/1 


Fig. 2 - Timing diagram of latch mode: Serial load into SR and parallel transfer to LCD 


ENABLE/ LATCH 


DATA IN HEDMRNERREETE EM RM HRS RERE 


packplanE =f Vf OL Vf (VC LY OK 


S- 8313/1 
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Fig. 3 - Cascade configuration, self oscillating 


DEVICE 1 DEVICE 2 


DEVICE n 


! 
OSC " BP O 


S- 8314 


Fig. 4 - Cascade configuration, driven by external signal 


DEVICE 1 


LCD 
DRIVING © 
SIGNAL 


DEVICE 2 


DEVICE n 
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MC1458 
MC1558 


DUAL OPERATIONAL AMPLIFIERS 


‘fee 


TO-99 
(Metal Can) 


» LOW POWER CONSUMPTION 

a» LARGE INPUT VOLTAGE RANGE 

a NOLATCH-UP 

a HIGH GAIN 

a SHORT-CIRCUIT PROTECTION 

m NO FREQUENCY COMPENSATION 
REQUIRED 


DESCRIPTION 


The MC 1458 is a high performance monolithic dual 
operational amplifier constructed on a single silicon 
chip. It is intended for a wide range of analog appli- 
cations. 

= Summing amplifier. 

a Voltage follower. 

a Integrator. 

a Active filter. 

a Function generator. 


The high gain and wide range of operating voltages 
provide superior performance in integrator, sum- 
ming amplifier, and general feed back applications. 
The internal compensation network (6 dB/octave) 
insures stability in closed loop applications. 


PIN CONNECTIONS (top views) 


DIP8/CERDIP8/SO8 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
- Veco 


- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Vee 


oh 


December 1988 


1 
2 
3- 
4- 
5 
6- 
7 
8 - 
9 
0 


- NC 
- Output 1 
- Inverting input 1 
NC 
- Non-inverting input 1 
NC 


- NC 
- Vec 


md 


GC 
LCC20 
(Tricecop (LCC)) 


Nt 


D 
SO8 
(Plastic Micropackage) 


N 
DIP8 
(Plastic Package) 
J 
CERDIP8 
(Cerdip Package) 


ORDER CODES 


Temperature 


Range {H[W |v |p [oc 
MC1458 0 to + 70 °C 
MC14581| -— 40+ 105°C 


Note : HI-Rel Versions Available 
Example : MC1458H, MC1558GC. 


- NC 
- Non-inverting input 2 
- NC 
- NC 
- Inverting input 2 
- NC 
- Output 2 
NC 


9 10 1112 13 


- NC 
- Voc 
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MC1458-MC1558 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Differential Input Voltage 


Pawer Dissipation J Suffix 
GC Suffix 
H Suffix 
D Suffix 
N Suffix 


Output Short-circuit Duration 


Toper | Operating Free-air Temperature Range 6 
C 


Storage Temperature Range 0 


SCHEMATIC DIAGRAM 


Non-inverting input Inverting input 


cer 
R 
TA 


Le a6 aio ip 


Voc E88MC 1458-01 


Non-inverting Inverting ‘ _ 
ae 
DIP8/CERDIP8 3-5 2-6 8 4 
TO-99 3-5 8 
SO8 8 


LCC20* 


* LCC20 : Other pins not connected 
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MC1458-MC1558 


ELECTRICAL CHARACTERISTICS 


MC1458: O<Tamb<+ 70 Voc =t 15 V 
MC14581:—40 < Tambp <+ 105 C Voc = £15 V 
MC1558 :—55 <Tamp <+ 125 C Veco = £15 V 


(unless otherwise specified) 


Input Offset Voltage Rs < 10 kQ 
Tae = 25 °C 
Tmin < Lamb < Tmax 


Input Offset Current 
Tams = 25 °C 
T min = Tamb S Tmax 


Input Bias Current 
Tams = 25 °C 
Tmin < Tamb < T max 


Large Signal Voltage Gain 
(Vo =£10V, Ry =2 kQ) 
Tamb = 25 °C 
T min = Tamb s Tmax 


SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
Tan = 25 °C 


Tmin < Tamb = Tmax 


Supply Current, all Amp, no Load 
rab = 25 °C 
Tmin S Tamb S T max 


Input Voltage Range 
Tamb = 25 °C 
T min s Tamb S T max 
Common-mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
T min s Tamb < < Tmax 


MC1458 / 14581 / 1558 


Output voles Swing 
Tamb = 25 °C 


T min < Tamb S T max 


Slew-rate (V; =+ 10 V, Ry =2 kQ, 
Ci < 100 pF, Tamb = 25 °C, unity gain) 
Rise Time (V; = 20 mV, Rx = 2 kQ, Cy < 100 pF, 
Tamb = 25 °C, unity gain) 
Overshoot (V; = 20 mV, Ry =2 kQ, 
Ci < 100 pF, Tamb = 25 °C, unity gain) 


Gy SGS-‘THOMSON — 
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ELECTRICAL CHARACTERISTICS (continued) 


a eee ima / 1558 
Symbol Parameter 


Unity Gain Bandwidth 
(Vj; =10 mV, Ry =2 kQ, Cy < 100 pF, 
Tan = 25 °C) 
Gain Bandwidth Product 
(Vj =10 mV, Ry =2 kQ, C, < 100 pF, 
= 100 KHZ, Tamp = 25 °C) 
Total Harmonic Distortion 
(f = 1 KHz, Ay = 20 dB, Ri =2 kQ, Vo =2 Vpp, 
CL Ss 100 pF, Tamb = 25 °C) 
Equivalent Input Noise Voltage 
(f = KHz, Rg = 100 2) 


Phase Margin 


ete Margin 


OPEN LOOP VOLTAGE GAIN 


- || LLB : 
- z 
= 2 
2 105 AT z 
: Tr " 
Oo uw 
uu 7) 
© 100 ¢ 
< im 
a fe) 
Oo > 
> 95 


SUPPLY VOLTAGE (+V) FREQUENCY (Hz) 
E88MC1458-02 E88MC 1458-03 


POWER BANDWIDTH 


(LARGE SIGNAL SWING) POWER CONSUMPTION 
CP yy Se 
23 | > sotto tt 
s oat UU LUT LTT ETT SSS 
=> 24 = || | | | YA] 
8 UIE TTT 7 sees 2a e eee 
SEI BA leh 
awl 
O 16 3 10 ‘A 
> 7) SS eS A a SS See a oe Ss oo 
K a as Ge . Ss Gs ee Se ee ee eee 
12 re) 2 Gy 2 es ee ee ee ee ee ee ee 
ni Voltage follower SS. ha ed 
= +15 V supplies THD<5 % ee el 2 ee ee ee es ee a ee ee 
2 8 lu i ae ED) a 
; ae ee a a 
oa 


O | 1 
10 100 1k 10k 100k 2 6 10 14 18 22 
FREQUENCY (Hz! Vdc AND Vcc POWER SUPPLY VOLTAGES (V) 
E88MC 1458-04 E88MC1458-05 
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OUTPUT VOLTAGE (mv! OUTPUT VOLTAGE (Vp) 


RELATIVE VALUE 


OUTPUT VOLTAGE SWING 


‘ist 


OUTPUT NOISE VOLTAGE (mVrnis) 


MC1458-MC1558 


OUTPUT NOISE VOLTAGE 


0 
190 200 500 1k = 2k 5k 10k 100 1k ac eet 


LOAD RESISTANCE (Q) 


E88MC 1458-06 


TRANSIENT RESPONSE 


Vec= 115 V 
Tamb = +25°C 


OUTPUT VOLTAGE (V) 


-0.5 OQ 0.5 1 1.5 2 2.5 


TIME (us) 
E88MC1458-08 


FREQUENCY CHARACTERISTICS 


RELATIVE VALUE 


SUPPLY VOLTAGE !+V) 


E88MC 1458-10 


‘STi SGS-THOMSON 
7 mcRoELECTROMICS 


SOURCE RESISTANCE (2) 


E88MC1 458-07 


VOLTAGE FOLLOWER 
LARGE SIGNAL PULSE RESPONSE 


0 10 20 30 40 50 60 70 80 90 
TIME (us) 
E88MC 1458-09 


FREQUENCY CHARACTERISTICS 


-60 -20 20 60 100 140 


TEMPERATURE (°C) 


E88MC 1458-11 
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MC1458-MC1558 


TYPICAL APPLICATIONS 
LOW PASS FILTER 


E88MC1 458-12 


TURNABLE NOTCH FILTER 


wo turning 


GYRATOR 


oe 
eo 
R., = Gyration resistance (>1.5 kQ) 


01R,<R<0.5 Ry 


E88MC1 458-13 


QQ. -=— 
7 R1 R2 
CVO RT = 
R 


11 R2 


1 
Aw = —— (Bandwidth notched) 
R1 


a | 
t 
i 
‘ 
{ 
i 
I 
i) 
i 
t 
i 

al 


E88MC 1458-14 
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MC1458-MC1558 


PACKAGE MECHANICAL DATA 
8 PINS — METAL CAN TO-99 


12.7 min 


20 PINS — TRICECOP (LCC) 
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MC1458-MC1558 


PACKAGE MECHANICAL DATA (continued) 
8 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 
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RS232C QUAD LINE DRIVER 


a CURRENT LIMITED OUTPUT + 10 mA TYP. 

a POWER-OFF SOURCE IMPEDANCE 
300 QMIN. 

a SIMPLE SLEW RATE CONTROL WITH EXTER- 
NAL CAPACITOR 

a FLEXIBLE OPERATING SUPPLY RANGE 

a INPUTS ARE TTL AND pP COMPATIBLE 


DIP-14 (0.25) SO-14J 
(Plastic and Ceramic) 


DESCRIPTION 


The MC1488 is a monolithic quad line driver des- 
igned to interface data terminal equipment with da- 
ta communications equipment in conformance with 
the specifications of EIA Standard No. RS232C. 


ORDER CODES: MC1488P (Plastic DIP) 
MC1488L (Ceramic DIP) 
MC1488D (SO-14) 


TYPICAL APPLICATION : RS232C Data Transmission. 


RS-232C - 
CABLEAND ! 


CONNECTOR 7 
| 
od=s 
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ABSOLUTE MAXIMUM RATINGS 


T 


Output Signal Voltage 
Operating Ambient Temperature °C 
C 


Storage Temperature Range — 65 to 150 


CONNECTION DIAGRAMS (top views) LOGIC DIAGRAM 


13 | INPUT 4B 


12 |} INPUT 4A 


" | OUTPUT 4 


10 | INPUT 3B 


9 {| INPUT 3A 


$-7778 


THERMAL DATA 


Plastic Ceramic 
DIP- 14; DIP-14/] SO-14 


Thermal Resistance Junction-ambient max | 200 °C/W | 165 °C/W | 165 °C/W 
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MC1488 


ELECTRICAL CHARACTERISTICS (Vs5=9+10%V, Veg=—-9410% V, Tamp= 0 to 75 CC unless 
otherwise specified) 


[Symbol] Parameter | Test Conditions | win. | Typ. [ax.] Unit [Fig | 
righ Loge State (Vw =svy | | 10 [wa | 1 


Output Voltage High Logic State 
Vit = 0.8V, Vs =9V, Veg =—9V 2 
Vit = 0.8V, Vs = 13.2V, Veg =-13.2V Z 2 


Low Logic State Ri =3 KQ 
Vin =1.9V, Veg =-9V, Vs =9V 
Vin =1.9V, Vee =-13.2V, Vg = 13.2 
los + Positive Output Short - circuit 
Current 
los - Negative Output Short-circuit —10}-12| mA 3 
Current 


[Ro | Output Resistance __—‘([Ve=Ven 0 Nezav[ooo| | [apa 
20 


Positive Supply Current 
(R, =<) 


Output Voltage 


Negative Supply Current 
(Ri =e) 


era 
ono 
(o>) 


“Maximum package power dissipation may be exceeded if all outputs are shorted simultaneously 
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MC1488 


TEST CIRCUITS 
Figure 1 : Input Current. Figure 2 : Output Voltage. 


O 
*66mA Max 


Figure 5 : Power Supply Currents. Figure 6 : Switching Response. 


UHL and tion measured 10%. to 90% 
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MC1488 


Figure 7 : Transfer Characteristics vs. Figure 8 : Short-Circuit Output Current vs. 
Power Supply Voltage. Temperature. 


G.58tt 


0 O2 04 06 08 1 12 1% v, (Vv) 


Figure 9 : Output Slew-Rate Load Capacitance. Figure 10 : Output Voltage and Current-Limi- 
ting Characteristics. 


BSH 

wis) =e Seiiiieeetit H 
Py 
ea Se Si 


2 6 6 8 
10 10 10 Cy (pF) -16 -12 -~8 ~4 0 44 46 412 416 Vo(V) 


Figure 11 : Maximum Operating Tempera- 
ture vs. Power-Supply Voltage. 
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APPLICATION INFORMATION 


The Electronic Industries Association (EIA) has re- 
leased the RS232C specification detailing the requi- 
rements for the interface between data processing 
equipment. This standard specifies not only the 
number and type of interface leads, but also the volt- 
age levels to be used. The MC 1488 quad driver and 
its companion circuit, the MC1489 quad receiver, 
provide a complete interface system between DTL 
or TTL logic levels and the RS232C defined levels. 
The RS232C requirements as applied to drivers are 
discussed herein. 


The required driver voltages are defined as between 
5 and 15 V in magnitude and are positive for a logic 
"0" and negative for a logic "1". These voltages are 
so defined when the drivers are terminated with a 
3000 to 7000Q resistor. The MC1488 meets this 
voltage requirement by converting a DTL/TTL logic 
level into RS232C levels with one stage of inversion. 


The RS232C specification further requires that du- 
ring transitions, the driver output slew rate must not 
exceed 30 V per us. The inherent slew rate of the 
MC1488 is much too fast for this requirement. The 
current limited output of the device can be used to 
control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be 
easily determined by using the relationship C = los 
x AT/ AV from which Figure 12 is derived. Accordin- 
gly, a 330 pF capacitor on each output will guaran- 
tee a worst case slew rate of 30 V per us. 

The interface driver is also required to withstand an 
accidental short to any other conductor in an inter- 


Figure 12 : Slew Rate vs. Capacitance for 
Isc = 10mA. 
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connecting cable. The worst possible signal on any 
conductor would be another driver using a plus or 
minus 15 V, 500 mA source. The MC1488 is des- 
igned to indefinitely withstand such a short to all four 
outputs in a package as long as the power-supply 
voltages are greater than 9.0 V (i.e., VS 29.0 V; 
Vee <- 9.0 V). In some power-supply designs, aloss 
of system power causes a low impedance on the 
power-supply outputs. When this occurs, a low im- 
pedance to ground would exist at the power inputs 
to the MC 1488 effectively shorting the 300Q output 
resistor to ground. If all four outputs were then 
shorted to plus or minus 15 V, the power dissipation 
in these resistors would be excessive. Therefore, if 
the system is designed to permit low impedances to 
ground at the power-suppies of the drivers, a diode 
should be placed in each power-supply lead to pre- 
vent over-heating in this fault condition. These two 
diodes, as shown in Figure 13, could be used to de- 
couple all the driver packages in a system. (These 
same diodes will allow the MC1488 to withstand mo- 
mentary shorts to the +15 V limits specified in the 
earlier Standard RS232B). The addition of the 
diodes also permits the MC 1488 to withstand faults 
with power-supplies of less than the 9.0 V stated 
above. 

The maximum short-circuit current allowable under 


fault conditions is more than guaranteed by the pre- 
viously mentioned 10 mA output current limiting. 


Figure 13 : Power Supply Protection to 
Meet Power-off Fault Conditions. 
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OTHER APPLICATION 


The MC1488 is an extremely versatile line driver 
with a miriad of possible applications. Several fea- 
tures of the drivers enhance this versatility : 


1. Output Current Limiting - this enables the circuit 
designer to define the ouptut voltage levels inde- 
pendent of power-supplies and can be accomplis- 
hed by diode clamping of the output pins. 


2. Power-Supply Range - as can be seen from the 
schematic drawing of the drivers, the positive and 
negative driving elements of the device are essen- 
tially independent and do not require matching po- 


MC1488 


wer-supplies. In fact, the positive supply can very 
from a minimum seven volts (required for driving the 
negative pulldown section) to the maximum speci- 
fied 15 V. The negative supply can vary from ap- 
proximately - 2.5 V to the minimum specified - 15 V. 
The MC 1488 will drive the ouptut to within 2 V.of the 
positive or negative supplies as long as the current 
output limits are not exceeded. The combination of 
the current-limiting and supply-voltage features al- 
low a wide combination of possible outputs within 
the same quad package. 
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kw, SGS-THOMSON MC1489 
7 imcRrogLectRomes MC1489A 


QUAD LINE RECEIVERS 


a INPUT RESISTANCE —3.0 K to 7.0 KQ 
a INPUT SIGNAL RANGE — + 30 V 
a INPUT THRESHOLD HYSTERESIS BUILT-IN 
» RESPONSE CONTROL : 

a) LOGIC THRESHOLD SHIFTING 

b) INPUT NOISE FILTERING 


DESCRIPTION ORDER CODES : MC1489L, MC1489AL 
The MC1489 monolithic quad line receivers are des- (DIP-14 Ceramic) 
igned to interface data therminal equipment with da- MOC labone 


(DIP—14 Plastic) 


ta communications equipment in conformance with MC1489D, MC1489AD (SO-14) 


the specifications of EIA Standard No. RS-232C. 


TYPICAL APPLICATION : RS232C Data Transmission 


CABLEAND 
CONNECTOR 
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MC1489-MC1489A 


ABSOLUTE MAXIMUM RATINGS 


V 


CONNECTION DIAGRAMS (top view) 


INPUTA 


RESPONSE 


CONTROL A INPUT D 


RESPONSE 
CONTROL O 


INPUT B 


RESPONSE 
CONTROL B INPUT C 


RESPONSE 
OUTPUT:B CONTROL C 


GROUND 8 |] ourPuT 


SCHEMATIC DIAGRAM (1/4 of circuit shown) 


RESPONSE 
CONTROL 


INPUT 


& MC1489=6.7K 0 
MC1489A =1.6K0 
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MC1489-MC1489A 


ELECTRICAL CHARACTERISTICS (Response control pin is open; Vs =5 V, T amp = Oto 75°C 
unless otherwise specified) 


Symbol Test Condtions | Min. | T 


nn Positive Input Current Vin = 25 V 3.6 8.3 A 
Vin =3V 0.43 ue 
Negative Input Current Vii =-25V ~ 3.6 - 8.3 
Vi =-3V ~ 0.43 


Vin 
= 10 mA for MC1489 1.5 
for MC1489A 2.25 
Vit Input Turn-off Threshold Voltage | Tamb =25°C Von 22.5 V 
IL =-0.5 mA 0.75, 1.25 
Vou Ouptut Voltage High Vin =0.75 V It =-—0.5 mA 2.5 
IL =0.5 mA Input Open Circuit} 2. aan 


Coe [eas 
a en pas | ms | ma 


Is Power Supply Current All gates "on". Io =O mA 16 
Vin =5V 


Vin = 5 V || 80 | 130 | mw _| 


SWITCHING CHARACTERISTICS (V5 =5V, Tamp = 25°C, see Fig. 1) 


Smber| ——_erameter | Test conan [tins [yp [ wax. [Un 
[teu | Propagation delayTime | Asag ko (|__| _25 | es [a 

Tien | Propagation beay Time | R=ge0a | | as 50] ns 
Tina [FalTime —~SSS—~*i RL w0@ SSS to | 


TEST CIRCUITS 


Figure 1 : Switching Response. Figure 2 : Response Control Node. 


IN3064x4 


tity and true 
measured 10% -90%. 


C, capacitor ts for noise filtering 
R, resistor is for threshold shifting 
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MC1489-MC1489A 


Figure 3 : Input Current. Figure 4 : Output Short-Circuit Current. 


Figure 5 : Output Voltage and Input Thres- Figure 6 : Power Supply Current. 
hold Voltage. 


TYPICAL CHARACTERISTICS (Vs = 5 V, Tamb = 25 °C unless otherwise specified) 


Figure 7 : Input Current. Figure 8 : MC1489 Input Threshold Voltage 
Adjustament. 
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Figure 9 : MC1489A Input Threshold Voltage 
Adjustment. 


(V) 


“30-200 41 0 ! 2 3. 4V;(V) 


Figure 11 
Voltage. 
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APPLICATION INFORMATION 


GENERAL INFORMATION 


The Electronic Industries Association (EIA) has re- 
leased the RS-232C specification detailing the re- 
quirements for the interface between data proces- 
sing equipment and data communications equip- 
ment. This standard specifies not only the number 
and type of interface leads, but also the voltage le- 
vels to be used. The MC1488 quad driver and its 
companion circuit, the MC1489 quad receiver, pro- 
vide a complete interface system between DTL or 
TTL logic levels and the RS-232C defined levels. 
The RS-232C requirements as applied to receivers 
are discussed herein. 


The required input impedance is defined as be- 
tween 3000 9 and 7000 Q for input voltages be- 


: Input Threshold vs. Power-Supply 


MC1489-MC1489A 


Figure 10 : Input Threshold Voltage vs. 


Temperature. 


6-583! 
Vig yr ee eter esl Th Po 
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-60 -40 -20 0 20 40 6 8&0 


Tamb (°C) 


tween 3.0 and 25 V in magnitude ; and any voltage 
on the receiver input in an open circuit condition 
must be less than 2.0 V in magnitude. The MC 1489 
circuits meet these requirements with a maximum 
open circuit voltage of one VBE. 


The receiver shall detect a voltage between - 3.0 
and - 25 V as a Logic "1" and inputs between + 3.0 
and + 2.5 V as a Logic "0". On some interchange 
leads, an open circuit of power "OFF" condition 
(300 Q or more to ground) shall be decoded as an 
"OFF" condition or Logic "1". For the reason, the in- 
put hysteresis thresholds of the MC1489 circuits are 
all above ground. Thus an open or grounded input 
will cause the same output as a negative or Logic 
"{" input. 
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MC1489-MC1489A 


DEVICE CHARACTERISTICS 


The MC 1489 interface receivers have internal feed- 
back from the second stage to the input stage pro- 
viding input hysteresis for noise rejection. The 
MC1 489 input has typical turn-on voltage of 1.25 V 
and turn-off of 1.0 V for a typical hysteresis of 
250 mV. The MC1489A has typical turn-on of 1.95 V 
and turn-off of 0.8 V for typically 1.15 V of hystere- 
sis. 


Each receiver section has an external response 
control node in addition to the input and output pins, 
thereby allowing the designer to vary the input thres- 
hold voltage levels. A resistor can be connected be- 
tween this node and and an external power supply. 
Figure 2, 4 and 5 illustrate the input threshold vol- 
tage shift possible through this technique. 


This response node can also be used for the filte- 
ring of the high-frequency, high-energy noise 


Figure 12 : Typical Turn-on Threshold vs. 
Capacitance from Response 
Control Pin to GND. 


G_5 833 


pulses. Figure 8 and 9 show typical noise-pulse re- 
jection for external capacitors of various sizes. 


These two operations on the response node can be 
combined or used individually for may combinations 
of interfacing applications. The MC 1489 circuits are 
particularly useful for interfacing between MOS cir- 
cuits and MDTL/MTTL logic systems. In this appli- 
cation, the input threshold voltages are adjusted. 
(with the appropiate supply and resistor values) to 
fall in the center of the MOS voltage logic levels. 
(See Figure 10). 

The response node may also be used as the recei- 
ver input as long as the designer realizes that he 
may not drive this node with a low impedance 
source to a voltage greater than one diode above 
ground or less than one diode below ground. This 
feature is demonstrated in Figure 11 where two re- 
ceivers are slaved to the same line that must still 
meet the RS-232C impedance requirement. 


Figure 13 : Typical Turn-on Threshold vs. 
Capacitance from Response 
Control Pin to GND. 


G-5834 


10 100 1000 W(ns) 
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MC1489-MC1489A 


Figure 14: Typical Paralleling of Two MC1489/A Receivers to Meet RS-232C. 
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= AFA SIAC AE  OOUOUOUOt~té~*CMMG33320011/AA/BB 
ky SGS-THOMSON MC34001/A/B 
MICROELECTRONICS MC35001/A/B 


J—-FET INPUT SINGLE OP—AMPs 


» LOW POWER CONSUMPTION 

a WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

» LOW INPUT BIAS AND OFFSET CURRENT 

s OUTPUT SHORT-CIRCUIT PROTECTION 

» HIGH INPUT IMPEDANCE J-FET INPUT 
STAGE 

s INTERNAL FREQUENCY COMPENSATION 

a LATCH UP FREE OPERATION 

2 HIGH SLEW RATE : 13 Vius (typ) 


(Plastic package) (Metal can) 


DESCRIPTION ond Cat 


These circuits are high speed J-FET input single 
operational amplifiers incorporating well matched, 


high voltage J-FET and bipolar transistors in a Spi e 


LCC20 S08 
(Plastic micropackage) 


monolithic integrated circuit. (Tricecop (LCC)) 


The devices feature high slew rates, low input bias 
and offset current, and low offset voltage tempera- 
ture coefficient. 


PIN CONNECTIONS (Top views) 


-NC 
Balance - Balance 
-NC 
-NC 
-Inverting input 
NC 


- Balance 
- Inverting input 
- Non-inverting input 


cc 
Balance 
Output 


cc 
NC 


-Non-inverting input 
NC 


OnNoOOA WN — 
ee © @ 4 
<= <= 


-NC 


-Vec 


1- 
2- 
3 
4 
5 
62 
7 
8 - 
9 
0 


—_ 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


ORDER CODES 


MC35001GC — 55 °C to + 125 °C LCC 
MC35001AGC — 55 °C to + 125 °C LCC 
MC35001BGC — 55 °C to + 125 °C LCC 
MC35001H — 55 °C to + 125 °C METAL CAN 
MC35001AH — 55 °C to + 125 °C METAL CAN 
MC35001BH - 55 °C to + 125 °C METAL CAN 
MC33001N -— 40 C to + 105 °C DIP8 
MC33001AN — 40 °C to + 105 °C DIP8 
MC33001BN — 40 °C to + 105 °C DIP8 
MC33001D -— 40 °C to + 105 °C SO8 
MC33001AD — 40 °C to + 105 °C SO8 
MC33001BD - 40 °C to + 105 °C S08 


MC34001N 
MC34001AN 


MC34001BN 


MC34001D 
MC34001AD 
MC34001BD 


0 °C to + 70 °C 
0 °C to + 70 °C 
0 °C to + 70 °C 
0 TC to + 70 °C 
0 °C to + 70 °C 
0 °C to + 70 °C 


DIP8 
DIP8 
DIP8 
S08 
S08 
S08 


ABSOLUTE MAXIMUM RATINGS 


Symbol] Parameter | Value nit 
| Prot_| PowerDissipation 8m 
____ Ouput Short-reut Duration (note 4) __ | fit 


Toper } Operating Free Air Temperature Range 


MC34001, A, B 0 to 70 
MC33001, A, B — 40 to 105 
MC35001, A, B — 55 to 125 


Storage Temperature Range — 65 to 150 


Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level i is the midpoint between Vic and Véc. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


SCHEMATIC DIAGRAM 


Non-inverting 


input i 


Inverting rs 


input 


[}— Balance --{] 


INPUT OFFSET VOLTAGE NULL CIRCUITS 


E88MC34001-01 


Inverting Non-inverting + = 
[eave [some [ mais [Vorimatne Towra [vee [vee [ne 
DIP8 
$08 1,5 3 7 4 
TO99 
a ae ae ee 


2 
fucceo | 2 | 5 | 
IST SGS-THOMSON ._———s—“‘“‘i; 


*LCC20 : Other pins are not connected. 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


ELECTRICAL CHARACTERISTICS 

Voc = +15 V (unless otherwise specified) 

MC35001, MC35001A, MC35001B  -—55<T.7,<+125 CT 
MC33001, MC33001A, MC33001B -40<T,,, <+ 105 C 
MC34001, MC34001A, MC34001B 0 <Tamb <+ 70 CT 
MC35001A, B 


MC33001A, B 
MC34001A, B 


MC35001 
MC33001 
MC34001 


Parameter 


Input Offset Voltage 
Tamb = 25 °C (Rg < 10 kQ) 
MC35001B, MC34001B, MC33001B 
MC35001A, MC34001A, MC33001A 
T min = Tamb = T max 
MC35001B, MC34001B, MC33001B 
MC35001A, MC34001A, MC33001A 


Input Offset Current * 
Eamp = 25 i © 


T min < Tamb < T max 


Input Bias Current * 
Tamb = 25 °C 
T min S Tamb = Tmax 
Large Signal Voltage Gain 
(Ru > 2 kQ, Vo = + 10 V) 
Tamb = 25 °C 200 
T min S Tamb = T max 
Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 


ie) 
pate 
mw rm on 


8 
> 


Tamb = 25 °C 


Tmin <= Tamb © Tmax 


Supply Current, No Load 
Tamb = 25 °C 
Tmin = Tamb = Tmax 
Input Voltage Range 
Vamp = 25 °C 


Tmin < Tamb s T max 


Common Mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S Tamb s Tmax 
11 
12 
11 
12 


+ 
—_ 
—s 


— 
ph 


Output Short-circuit Current 
Tamb = 25 °C 10 40 60 10 

Tmin S Tamb S Tmax 10 60 10 

+ Vopp | Output Voltage Swing 
Tamb = 25 °C 11 12 

12 13.5 

Tmin = Tamb = T max 


11 
12 
Svo Slew-rate (Vj = 10 V, Ry =2 kQ) 
C. < 100 pF, Tamb = 25 °C, unity gain 12 16 12 16 


* The input bias currents are junction leakage currents wich approximatively double for every 10 °C increase in the junction temperature. 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


ELECTRICAL CHARACTERISTICS (continued) 


MC34001A, B MC34001 
MC33001A, B MC33001 
Symbol Parameter MC35001A, B MC35001 
| Min. | Typ. | Max. | Min. | Typ. | Max. 
Rise Time us 
(V; = 20 mV, Ry =2 kQ) 
Cy =100 pF, Tamp = 25 °C, unity gain 0.1 0.1 
Overshoot (V; = 20 mV, Rr =2 kQ % 
Ci < 100 pF, Tamp = 25 °C, unity gain) 10 10 
GBP Gain Bandwidth Product 
(f = 100 kHz, Tamb = 25 °C 
Vin = 10 mV, Ry =2 kQ, Cy, = 100 pF) 4.0 5.0 3.3 4.0 5.0 
| _Ri_| Input Resistance (Tams = 25 °C) (oe 15 (ie (ee (ee 
THD Total Harmonic Distortion 
(f =1 kHz, Ay =20 dB, Rt = 2 KQ 
0.01 0. 01 
Equivalent Input Noise Voltage nV/VHz 
oes kHz, eee 15 15 


Ci < 100 pF, Tamb = 25 °C, Vo =2 Vpp) 


MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY VOLTAGE VERSUS FREQUENCY 
- - % R) 10 ko 
2 : ; - BAil| Vec=+15V I L= , 
E ool Ill | Tamb= +25°C COMM TIIIN Temp = + 25°C 
fe) qa 5 | See figure 2 
q > 2 | ares 
Su aerated eel NA 
S8 cM cae 23 CIM ‘aia 
ri anil de | 
MTs so 
a> 10 a. S 10 | 
=> “Clee ssl ral Ad | aii 
2 CM Ti TTT 5M Tit 4 
eal Mill alli NI 
= 4 7 Ss gL Lilli 
100 lk 10 k 100 k 1M 10M 100 1k 10 k 100 k 1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88MC34001-02 E88MC34001-03 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


MAXIMUM PEAK TO PEAK OUPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. VOLTAGE VERSUS FREQUENCY 


30 
[fru=towe TT | 
Sa 
a ——} | 


VOLTAGE (V) 
r 


10 


Vec=t 15 V 
See fiqure 2 


MAXIMUM PEAK TO PEAK OUTPUT 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


Fama = ¢ 125°C ih 


Ok 40k 100k 400k 1M M 10M -75 -50 -25 0 25 SO 75 100 125 
FREQUENCY (Hz) TEMPERATURE (°C} 
E88MC34001-04 E88MC34001-05 
MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD VOLTAGE VERSUS SUPPLY 
RESISTANCE VOLTAGE 


Tamb = + 25°C 
See figure 2 


Vec= +15 V | 


ae 
valle 
lie 
AIIM 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


0 
01 O2 O4 0.7 1 2 4 7 10 0 2 #4 6 8 10 12 14 16 
LOAD RESISTANCE (k2) SUPPLY VOLTAGE (V) 
E88MC34001-06 E88MC34001-07 


LARGE SIGNAL DIFFERENTIAL 


INPUT BIAS CURRENT VERSUS VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 

4 
= a 
s z 
- ws 
a 9% 
tc xs 
S gs 
oO >§ 
< rie 
< << 
E Ee 
2 aa 
z ui 
lem cs 

= 

Oo 

75 -50 -25 0 25 SO 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
E88MC34001-08 E88MC34001-09 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND TOTAL POWER DISSIPATION VERSUS 
PHASE SHIFT VERSUS FREQUENCY FREE-AIR TEMPERATURE 


108 es 


Tamb = +25°C 
DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 
(left scale) 


! PHASE SHIFT 


ot | (right scale) 


DIFFERENTIAL VOLTAGE 
AMPLIFICATION (V/mv) 
3 
WwW 


mi 
8 
PHASE SHIFT (degrees) 


TOTAL POWER DISSIPATION (mW) 


1 10 100 tk 10k 100k 1M 10M 75-50 -25 QO 25 50 75 100 125 


FREQUENCY (Hz) TEMPERATURE (°C) 
E88MC34001-10 E88MC34001-11 
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE VERSUS SUPPLY VOLTAGE 


a atti, 

E rs 

K~ 

5 5 

uw ww 

a c 

. oc 

} 3 

> f 

a a. 

Ss a. 

an a 

TEMPERATURE (°C) SUPPLY VOLTAGE (Vv) 
E88MC34001-12 E88MC34001-13 

COMMON MODE REJECTION RATIO VOLTAGE FOLLOWER LARGE 
VERSUS FREE-AIR TEMPERATURE SIGNAL PULSE RESPONSE 


(dB) 


COMMON MODE REJECTION RATIO 


INPUT AND OUTPUT VOLTAGES (V} 


-75 -50 -25 0 25 SO 75 100 125 G O05 1 15 2 25 3 35 


TEMPERATURE (°C) TIME (ps) 
E88MC34001-14 E88MC34001-15 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


EQUIVALENT INPUT NOISE VOL- 


OUTPUT VOLTAGE VERSUS TIME TAGE VERSUS FREQUENCY 
28 , 70 
24 ash we 60 
20 BS so 


Nill 
BI Bai 
fos | mn al 
Eid SUA LUE TA 


0 01 02 03 04 05 06 0.7 10 40100 400 1k 4k 10k 40k 100k 
TIME (us) E88MC34001-16 FREQUENCY (He) —o2M094001-17 


Vec= +15 V 
Ry =2 ka 
Tamb = +25°C 


OUTPUT VOLTAGE (mV) 
EQUIVALENT INPUT 
VOLTAGE (nV 


_ TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 


QO. 1 pS sO OS 00 ED Em ee 8 


TOTAL HARMONIC DISTORTION (%) 


0.07 ee 
0.004 F}— =H tt 
sna Sh 
0.001 aii mention 
100 4k 10k 40k 100k 


ee (Hz) 


E88MC34001-18 


PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage Follower. Figure 2 : Gain-of-10 Inverting Amplifier. 


=100 pF = 


= mc eer 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


TYPICAL APPLICATIONS 
(0.5 Hz) SQUARE WAVE OSCILLATOR 


E88MC34001-19 


HIGH Q NOTCH FILTER 


1 
2x71 C1 e 


E88MC34001-20 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


(1) Nominal dimension 


(2) Exact geometrical dimension 
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MC33001/A/B - MC34001/A/B - MC35001/A/B 


TO99 — METAL CAN 


20 PINS — TRICECOP (LCC) 
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ST] 


a LOW POWER CONSUMPTION 

» WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

a LOW INPUT BIAS AND OFFSET CURRENT 

a OUTPUT SHORT-CIRCUIT PROTECTION 

a HIGH INPUT IMPEDANCE J-FET INPUT 
STAGE 

a INTERNAL FREQUENCY COMPENSATION 

» LATCH UP FREE OPERATION 

m HIGH SLEW RATE : 13 V/us (typ) 


DESCRIPTION 


These circuits are high speed J—-FET input dual ope- 
rational amplifiers incorporating well matched, high 
voltage J-FET and bipolar transistors in a monoli- 
thic integrated circuit. 


The devices feature high slew rates, low input bias 
and offset current, and low offset voltage tempera- 
ture coefficient. 


SGS-THOMSON 
NI CROELECTRONICS 


MC33002/A/B 
MC34002/A/B 
MC35002/A/B 


J-FET INPUT DUAL OP—AMPs 


H 
TO99 
(Metal can) 


“Net 


GC D 
LCC20 SO8 
(Tricecop LCC ) (Plastic micropackage) 


(Plastic package) 


PIN CONNECTIONS (Top views) 


TO99 


-Inverting input 1 
-Non-inverting input 1 
-Vec 

-Non-inverting input 2 
- Inverting input 2 
-Output 2 


+ 
. Vec 


ONONARON — 
4 


December 1988 


-NC 
-Non-inverting input 2 


-NC 

- Inverting input 2 
-NC 

- Output 2 

-NC 

-NC = NC 

-Vec -Voec 


-Inverting input 1 
NC 


-Non-inverting input 1 
NC 


qin 
2- 
3- 
4- 
5 
6- 
7 
8- 
9 
0 


— 
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MC33002/A/B-MC34002/A/B-MC35002/A/B 


ORDER CODES 


Part Number 


MC35002GC — 55 °C to + 125 °C 

MC35002AGC — 55 °C to + 125 °C 

MC35002BGC — 55 °C to + 125 °C 

MC35002H — 55 °C to + 125 °C METAL CAN 
MC35002AH — 55 °C to + 125 °C METAL CAN 
MC35002BH — 55 °C to + 125 °C METAL CAN 
MC33002N — 40 °C to + 105 °C DIP8 
MC33002AN -— 40 °C to + 105 °C DIP8 
MC33002BN — 40 °C to + 105 °C DIP8 
MC33002D — 40 °C to + 105 °C 

MC33002AD — 40 °C to + 105 °C 

MC33002BD — 40 °C to + 105 °C 

MC34002N 0 °C to + 70 °C 

MC34002AN 0 °C to + 70 °C 

MC34002BN 0 °C to + 70 °C 

MC34002D 0 °C to + 70 °C 

MC34002AD 0 °C to + 70 °C 

MC34002BD 0 °C to + 70 °C 


ABSOLUTE MAXIMUM RATINGS 


anit 
aos 
°C 


Power Dissipation 680 ; 
|__| Output Short-circuit Duration (note 4) 


Operating Free Air Temperature Range 


MC34002, A, B 
MC33002, A, B 
MC35002, A, B 


— 40 to 105 
-— 55 to 125 


Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Véc and Vec. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 
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MC33002/A/B-MC34002/A/B-MC35002/A/B 


SCHEMATIC DIAGRAM 


Non-inverting 
input = 


Inverting [ | 
input 


1/2 MC 34002 


E88MC34002-01 


Non-inverting Inverting a 
[case | oupu | Monta”? | "impus’ | vee | veo 
DIP8 
Sos 1,7 2,6 4 
TO99 
eae (ae 


Lec20 5, 15 


*LCC20 : Other pins are not connected. 
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MC33002/A/B-MC34002/A/B-MC35002/A/B 


ELECTRICAL CHARACTERISTICS 
Voc = +15 V (unless otherwise specified) 


— 
< 
TC 
TS 


200 


Nh —_ 
= 
ne) sk 
— 
a) 1°) 
3 
< 


MC35002, MC35002B, MC35002A 9-55 <Tanp, < + 125 C 
MC33002, MC33002B, MC33002A —-40<Tamp <+ 105 C 
MC34002, MC34002B, MC34002A 0 <Tamb <+ 70 TC 
MC35002A, B MC35002 
Symbol Parameter MC34002A, B 
Tamb =25°C 3 (Rg < 10 kQ) 
MC35002B, MC33002B, MC34002B 
MC35002A, MC33002A, MC34002A 
Timin Ss Tamb s Tmax 
MC35002B, MC33002B, MC34002B 
Input Offset Voltage Drift 
Input Offset Current * 
Tanb = 25 °C 
Tmin S$ Tamb S$ Tmax 
Input Bias Current * 
Tmin = Tamb S Tmax 
Large Signal Voltage Gain 
(Ry = 2 kQ, Vo =+ 10 V) 
T amb = 25 °C 200 
Tmin S Tamb < Tmax 
(Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S$ Tamb S$ Tmax 
Supply Current, per Amp, no Load 
Taemb = 25 °C 


MC33002A, B 
Vio Input Offset Voltage 
7 MC35002A, MC33002A, MC34002A 
Tamb = 25 °C 
Supply Voltage Rejection Ratio 
Tmin S Tamb S$ Tmax 
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Input Voltage Range 
Tamb = 25 °C 
Tmin S Tamb S Tmax 


Common Mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S Tamb < Tmax 
Output Short-circuit Current 
Tamb = 25 °C 
Tmin s Tamb S Tmax 
Output Voltage Swing 
Tamb = 25 °C 


00 . oo mo 
Oo = oo) oo) 


80 


10 


Oo 
ee) 


70 
70 


Tmin S Tamb < Tmax 


Svo Slew-rate (V; = 10 V, RL =2 kQ) 
Cr < 100 pF, Tamb = 25 °C, unity gain 12 16 


* The input bias currents are junction leakage currents wich approximatively double for every 10 °C increase in the junction temperature. 
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MC33002/A/B-MC34002/A/B-MC35002/A/B 


ELECTRICAL CHARACTERISTICS (continued) 


MC34002A, B 
MC33002A, B 
MC35002A, B 


MC34002 
MC33002 


Rise Time 
(V; = 20 mV, RL =2 kQ) 
Cr. = 100 pF, Tamp = 25 °C, unity Gain 


Overshoot (V; = 20 mV, Ri =2 kQ % 
Ci < 100 pF, Tamp = 25 °C, unity gain) 10 10 
GBP Gain Bandwidth Product 
3:3 4.0 5.0 3.3 4.0 5.0 


(f = 100 kHz, Tamb =25 °C 
| Ri_| Input Resistance (Tamb = 25 °C) ee Ls ae es 2 ee ee 


Vin =10 mV, Ri =2 kQ, CL = 100 pF) 
Total Harmonic Distortion 


(f = 1 kHz, Ay = 20 dB, Rp =2 kQ 


C. < 100 pF, Tamb = 25 °C, Vo =2 Vpp) 


Equivalent Input Noise Voltage nV/VHz 
rag fee = 1 kHz, Hata Bere = 100 Q) 15 15 


ae jtrase Mage Separation 
Avp = 100, Tamb = 25 °C 120 120 
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MC33002/A/B-MC34002/A/B-MC35002/A/B 


MAXIMUM PEAK TO PEAK OUTPUT 


VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
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VOLTAGE (V) 


0 
01 0.2 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


30 TT : % a 


TCT TO i | 
ora | 


cI NT 


riives= 5G Ny i 


BAAltii eT 


ITE ITI 


100 81k «10k ~=-100k 
FREQUENCY (He) 


10M 


E88MC34002-02 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


10 k aM “10M 


400k 1M 
FREQUENCY (Hz) 


40k 100k 


E88MC34002-04 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 
RESISTANCE 


0.4 0.7 1 4a 7 
LOAD SESEEANGE (kS2) 


0 


E88MC34002-06 


MAXIMUM PEAK TO PEAK OUTPUT 


MAXIMUM PEAK TO PEAK OUTPUT 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


VOLTAGE (V) 


VOLTAGE (Vv) 


30 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


30 TRL = 10 Kn 
Tce sv = 10 


i 
alll | ee Figure 2 


ll 
ACT Tl 
1A a a i | 


0 
100 «= tk) =oOk = 100k = Ms 10M 
FREQUENCY (Hz) 


E88MC34002-03 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 


[Jrczire [1 
SS 


25 


100 125 


25 50 7§ 
TEMPERATURE (°C) 


-25 O 
E88MC34002-05 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 
VOLTAGE 


0 
oO 2 4 6 8 10 12 14 16 
SUPPLY VOLTAGE (V) 
E88MC34002-07 


kz SGS:THOMSON 
Jf wmcrosecrrowmes 


INPUT BIAS CURRENT (nA) 


DIFFERENTIAL VOLTAGE 
AMPLIFICATION (V/mV) 


SUPPLY CURRENT (mA) 


INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 


~ 


TEMPERATURE (°C) 


MC33002/A/B-MC34002/A/B-MC35002/A/B 


DIFFERENTIAL VOLTAGE AMPLI— 
FICATION (V/mV) 


E88MC34002-08 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 
PHASE SHIFT VERSUS FREQUENCY 


Vec=+5Vto +15V 
Ry =10 kD 
Tamb= +25°C 


DIFFERENTIAL 


104 Qo 
VOLTAGE 
[\ AMPLIFICATION 
103 


(left scale) 


PHASE SHIFT 
(right scale) 


want 
LEILA. 
100 tk 10k 100k 1M 10M 
FREQUENCY (Hz) 


SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 


TT perry 
Biel 


No signal 


TEMPERATUR 


m 


PHASE SHIFT (degrees) 
TOTAL POWER DISSIPATION (mW) 


E88MC34002-10 


SUPPLY CURRENT (mA) 


E88MC34002-12 
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LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE 


-75 -50 -25 0 25 5O 75 100 125 
TEMPERATURE (°C) 
E88MC34002-09 


TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 


|} | ff WMec=218¥ 
No signal 
No load 


IERERE 
ReEREEGE 


-50 -25 0O 
TEMPERATURE (°C) 


25 SO 75 100 125 
E88MC34002-11 


SUPPLY CURRENT PER AMPLIFIER 
VERSUS SUPPLY VOLTAGE 


SUPPLY VOLTAGE (V) 
E88MC34002-13 
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MC33002/A/B-MC34002/A/B-MC35002/A/B 


COMMON MODE REJECTION RATIO VOLTAGE FOLLOWER LARGE 
VERSUS FREE-AIR TEMPERATURE SIGNAL PULSE RESPONSE 


Sfp Vec=+£15V 
f| | )RL=20 


ee \ +25°C 


Vcc=+15V 
ko 


(dB) 


COMMON MODE REJECTION RATIO 
INPUT AND OUTPUT VOLTAGES (V) 
° 


-75 -50 -25 0 25 50 75 100 125 G O5 1 15 2 25 3 35 


TEMPERATURE (°C) TIME (us) 
E88MC34002-14 E88MC34002-15 


EQUIVALENT INPUT NOISE VOL- 
OUTPUT VOLTAGE VERSUS TIME TAGE VERSUS FREQUENCY 
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9 a> 
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Tamb = + 25°C 
0°01 02 03 04 O5 O06 0.7 10 40 100 400 1k 4k10k 40k 100k 
TIME (us) E88MC34002-16 FREQUENCY (Hz) = eggmc34002-17 
TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 
# 
2 
° 
K 
io 
re) 
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QO 0.04 
Q 
z 
S 
= 0.01 
< 
= 9.008 
| 
< 
5 
0.001 
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FREQUENCY (Hz) 
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MC33002/A/B-MC34002/A/B-MC35002/A/B 


PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage Follower. Figure 2 : Gain-of-10 Inverting Amplifier. 


E88MC34002-20 E88MC34002-21 


TYPICAL APPLICATION 
QUADRATURE OSCILLATOR 


1N 4148 


88.4 kX2 
by 


O6 cos wt 


1N 4148 


E88MC34002-19 


These resistor values may be adjusted for a symmetrical output. 
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MC33002/A/B-MC34002/A/B-MC35002/A/B 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP 


(1) Nominal dimension 


(2) Exact geometrical dimension 
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MC33002/A/B-MC34002/A/B-MC35002/A/B 


TO99 — METAL CAN 


12,7 min. 


20 PINS — TRICECOP (LCC) 
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MC33004/A/B 
MC34004/A/B 


MICROELECTRONICS MC35004/A/B 


J-FET INPUT QUAD OP-—AMPs 


a LOW POWER CONSUMPTION 

» WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

a LOW INPUT BIAS AND OFFSET CURRENT 

a» OUTPUT SHORT-CIRCUIT PROTECTION 


ws HIGH INPUT IMPEDANCE J-FET INPUT 
STAGE se 
a INTERNAL FREQUENCY COMPENSATION (Plastic package) 
a» LATCH UP FREE OPERATION 
ms HIGH SLEW RATE : 13 V/us (typ) J SUFFIX 
CERDIP14 
(Cerdip package) 
D SUFFIX 
S014 
DESCRIPTION (Plastic micropackage) 


These circuits are high speed J-FET input quad 
operational amplifiers incorporating well matched, 
high voltage J-FET and bipolar transistors in a ond 
monolithic integrated circuit. 

GC SUFFIX 


The devices feature high slew rates, low input bias LCC20 
and offset current, and low offset voltage tempera- , 

ee (Tricecop LCC ) 
ture coefficient. 


PIN CONNECTIONS (Top views) 


DIP14 LCC20 
CERDIP14 


-Qutput 1 

-Inverting input 1 
-Non-inverting input 1 
-Véc 

-Non-inverting input 2 
-Inverting input 2 
-Qutput 2 


December 1988 


3 272019 
18 


17 
16 
15 


14 
9 10 1112 13 


-NC -NC 

- Output 1 -Output 3 

- Inverting input 1 -Inverting input 3 
-Non-inverting input 1 -Non-inverting input 3 

9 - Inverting input 3 NC -NC 

10 -Non-inverting input 3 

11-Vec 

12 -Non-inverting input 4 

13 -Inverting input 4 

14 -Output 4 


- Non-inverting input 2 -Non-inverting input 4 
- Inverting input 2 -Inverting input 4 
- Output 2 -Qutput 4 


1 
2 
3 
4 
5- 
6- 
vee 
8 
9 
0 


—_"* 
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MC33004/A/B - MC34004/A/B - MC35004/A/B 


ORDER CODES 


Part Number 


MC35004GC — 55 °C to + 125 °C 
MC35004AGC — 55 °C to + 125 °C 
MC35004BGC — 55 °C to + 125 °C 
MC35004J — 55 °C to + 125 °C 
MC35004AJ — 55 °C to + 125 °C 
MC35004BJ - 55 °C to + 125 °C 
MC33004N — 40 °C to + 105 °C 
MC33004AN — 40 °C to + 105 °C 
MC33004BN — 40 °C to + 105 °C 
MC33004D — 40 C to + 105 °C 
MC33004AD — 40 C to + 105 °C 
MC33004BD — 40 C to + 105 °C 
MC34004N 0 °C to +70 °C 

MC34004AN 0° to+ 70°C 

MC34004BN 0 °C to + 70 °C 

MC34004D 0 °C to + 70 °C 

MC34004AD 0 °C to + 70 °C 


MC34004BD 0 °C to + 70 °C 


ABSOLUTE MAXIMUM RATINGS 


Value Unit _| 
+ 18 
Input Voltage (note 3) 

680 
[| Output short-circuit Duration (note 4) | nfinte 


Operating Free Air Temperature Range 


Toper 


0 to 70 
’ ’ a 40 to 105 
MC35004, A, B - 55 to 125 


Storage Temperature Range — 65 to 150 


Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc and Vcc. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 
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MC33004/A/B - MC34004/A/B - MC35004/A/B 


SCHEMATIC (each amplifier) 


Non-inverting 


input | 


Inverting i 
input 


E88MC34004-01 


Inverting Non-inverting + = 
DIP14 
CERDIP14 te hl o8 2,6, 13, 9 3,5, 12, 10 4 11 
$014 


LCC20 2, 10, 12, 20 39,1319 | {48,14 18] 6 | 16 


*LCC20 : Other pins are not connected. 
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MC33004/A/B - MC34004/A/B - MC35004/A/B 


ELECTRICAL CHARACTERISTICS 

Voc = +15 V (unless otherwise specified) 

MC35004, MC35004B, MC35004A  -—55<T.i», <+125 CT 
MC33004, MC33004B, MC33004A —40<Tam, <+ 105 C 
MC34004, MC34004B, MC34004A O61. =H 4-70" 


MC35004 
MC33004 
MC34004 


MC35004A, B 
MC33004A, B 
MC34004A, B 


Symbol Parameter 


Vio Input Offset Voltage 


Tamb = 25 °C (Rs < 10 kQ) 
MC35004B, MC33004B, MC34004B 
MC35004A, MC33004A, MC34004A 
T min < Tamb < T max 
MC35004B, MC33004B, MC34004B 


MC35004A, MC33004A, MC34004A 


Input Offset Voltage Drift pf to || to Tere | 


Input Offset Current * 
Tamb = 25 3 Os pA 
Tmin S Tamb S$ Tmax nA 


Input Bias Current * 
Tamb = 25 °C 
T min = Tamb S Tmax 


Avo Large Signal Voltage Gain 
(Ri > 2 kQ, Vo = + 10 V) 
Tamb = 25 °C 
Tmin S$ Tamb S$ Tmax 


SVR_ | Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
T min S Tampb = T max 
Supply Current, per Amp, no Load mA 
Tamb = 25 °C 
Tmin $ Tamb < Tmax 


Input Voltage Range 
Tamb = 25 °C 
Tmin S Tamb S$ Tmax 


Common Mode Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin S Tamb S Tmax 
Output Short-circuit Current 
Tamb = 25 °C 

T min S Tamb = T max 


Output Voltage Swing 
Tamb = 25 °C Rr = 2kQ 
RL 210kQ 

T min = Tamb Ss T max Ri 2 2kQ 
RL 210 kQ 


Slew-rate (V; = 10 V, RL = 2 kQ) 
C. < 100 pF, Tamb = 25 °C, unity gain 
* The input bias currents are junction leakage currents wich approximatively double for every 10 °C increase in the junction temperature. 
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MC33004/A/B - MC34004/A/B - MC35004/A/B 


ELECTRICAL CHARACTERISTICS (continued) 


MC34004A, B 
MC33004A, B 
MC35004A, B 


tr Rise Time 
(V; =20 mV, RL =2 kQ) 
Cy. = 100 pF, Tamp = 25 °C, unity Gain 3 
Kov Overshoot (V; = 20 mV, Ry = 2 kQ 
C_ < 100 pF, Tamp = 25 °C, unity gain) 10 


GBP Gain Bandwidth Product 


MC34004 
MC33004 
MC35004 


Symbol Parameter 


(f = 100 kHz, Tamb = 25 °C 
Vin = 10 mV, Ry, =2 kQ, Cy = 100 pF) 


( Input Resistance (Tamb = 25 °C) 


THD Total Harmonic Distortion 
(f = 1 kHz, Av= 20 dB, Rp =2 kQ 


Cr. < 100 pF, Tamb = 25 °C, Vo = 2 Vpp) 


Vn Equivalent Input Noise Voltage 
(f = 1 KHz, Rg = 100 Q) 15 
| @m_| Phase Margin ae Fe 


Voi1/Vo2} Channel Separation 
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MC33004/A/B - MC34004/A/B - MC35004/A/B 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 
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MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


A i ii 
cc ‘it 
HL Hi i i 


il Msc == “It TING Se | 


TM TT Tt ! 


i 
CTE TC II 


100 Tk 10k 100k 1M 
FREQUENCY (Hz) 


15 


10 


E88MC34004-02 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


Vcc=+t15V 
Ry =2 kQ 
See figure 2 


Bases::. 
400k 1M aM 


IVAN 
ian Bs 


100 k 
ee FREQUENCY (Hz) 


°o 
= 
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E88MC34004-04 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 


RESISTANCE 


04 0.7 1 I 
LOAD RESISTANCE Ka) 


E88MC34004-06 


ky 


10M 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


SGS-THOMSON 
MICROELECTROMICS 


. Hitt 1s 


0 
100 Tk 10 k 


-75 -50 -25 0 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


R, =10Kn "yl 


Tamb: a+ 25°C 


i 


iNT mH ‘ Ht 
AL HM i Null 


100k tM 10M 
FREQUENCY (Hz) 
E88MC34004-03 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 


25 50 75 
TEMPERATURE (°C) 


E88MC34004-05 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 
VOLTAGE 


10 12 14 6 
LTAGE (V) 


E88MC34004-07 


8 
O 


SUPP 


lo 


YV 


NPUT BIAS CURRENT (nA) 


DIFFERENTIAL VOLTAGE 
AMPLIFICATION (V/mV) 


SUPPLY CURRENT (mA) 


INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 


EVcc = 11 V=S=—= — 
So Z] 
10 == = 2 . Ta 
Aa Ca 

pa Pesetee ad 

t a ae ae 
aS nae Soe 


See EE EES ee EEE, SE 
EE ES ES OE 


50 -25 0 25 5O 75 100 125 


TEMPERATURE (°C) 
E88MC34004-08 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 
PHASE SHIFT VERSUS FREQUENCY 


be peermedia ott ~~ 


Vec=+t5Vto +15V 
| Sea, {be Ry = 10 kQ 


DIFFERENTIAL 
OLTAGE 
AMPLIFICATION 
se scale) 


1o'p_—_4 PHASE SHIFT 


| (right scale) 
oan ee a a 


1 10 100 1k 10k 100k 1M 10M 


FREQUENCY (Hz) 
E88MC34004-10 


SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 


Jee 28 
Oo signa 
SS da 
Sd as a 


TEMPERATURE (°C) 
E88MC34004-12 


ky 


180 


MC33004/A/B - MC34004/A/B - MC35004/A/B 


PHASE SHIFT (degrees) 


DIFFERENTIAL VOLTAGE AMPLI-— 
FICATION (V/mvV) 


TOTAL POWER DISSIPATION (mW) 


SUPPLY CURRENT (mA) 


SGS-THOMSON 
MICROELECTROMICS 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE 


25 SO 75 100 125 
TEMPERATURE (°C) 
E88MC34004-09 


TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 


TT ress i8v 
a oe ee No signal 


No load 


25 50 75 100 125 
ERATURE (°C) 
E88MC34004-11 


vo 


TEM 


SUPPLY CURRENT PER AMPLIFIER 
VERSUS SUPPLY VOLTAGE 


. te + 25°C eof den be 
O Signal 

{Novena TT] 

1.4 


10 12 


14 #16 


SUPPLY VOLTAGE (V) 
E88MC34004-13 
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MC33004/A/B - MC34004/A/B - MC35004/A/B 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 


Ar 
TV 
ave 
YUE 
ek 
read 


© Ld N o ~N 5 wo 


(A) SADVLIOA LAdLNO ONY LNUNI 


8 IVccHtI5V 


(GP) 
OlLvd NO!LOaray JQGOW NOWWODS 


TIME (ys) 


°c) 


TEMPERATURE ( 


E88MC34004-15 


E88MC34004-14 


EQUIVALENT INPUT NOISE VOL- 
TAGE VERSUS FREQUENCY 


OUTPUT VOLTAGE VERSUS TIME 


8 8&8 F< & & & 


(ZH/YAY) BDVLIOA 
aSION LONdNI LNA IVWAINOA 


(AW) ADVLIOA LNdLNO 


FREQUENCY (Hz) 


TIME (ys) 


E88MC34004-17 


E88MC34004-16 


TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 


(%) NOILYOLSIG OINOWYYVH 1VLOL 


FREQUENCY (Hz) 


E88MC34004-18 
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MC33004/A/B - MC34004/A/B - MC35004/A/B 


PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage Follower. Figure 2 : Gain-of-10 Inverting Amplifier. 


E88MC34004-20 


AUDIO DISTRIBUTION AMPLIFIER 


fo = 100 kHz 


E88MC34004-21 


{G7 SGS-THOMSON ot ee  O 
Sy, MICROELECTRONICS 
717 


MC33004/A/B - MC34004/A/B - MC35004/A/B 


TYPICAL APPLICATION 
POSITIVE FEEDBACK BANDPASS FILTER 


fo = 100 kHz 
Q=69 
Gain = 16 


O 
Output 8 


O 
O Ground 
Output A 


E88MC34004-22 


OUTPUT A OUTPUT B 


Eee es E88MC34004-24 


2 kHz /div 2 kHz /div 


SECOND ORDER BANDPASS FILTER 
fo = 100 kHz; Q = 30; Gain = 4 


CASCADED BANDPASS FILTER 
fo = 100 kHz; Q = 69; Gain = 16 


Eee >| coo 
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MC33004/A/B - MC34004/A/B - MC35004/A/B 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) True geometrical position 


14 ons 


0.4 


min. 


1.75 max. 


14 PINS 
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MC33004/A/B - MC34004/A/B - MC35004/A/B 


20 PINS — TRICECOP (LCC) 


1.86 max. 
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MC3303 
MC3403-MC3503 


LOW POWER DIFFERENTIAL INPUT QUAD OP-AMPs 


a SHORT-CIRCUIT PROTECTED OUTPUTS 

a CLASS AB OUTPUT STAGE FOR MINIMAL 
CROSSOVER DISTORTION 

a SINGLE SUPPLY OPERATION :+3VTO+36V 

a DUAL SUPPLIES :+1.5V TO+18V 

a LOW INPUT BIAS CURRENT : 500 nA MAX 

a INTERNALLY COMPENSATED 

a» SIMILAR PERFORMANCE TO POPULAR 
UA741 


DESCRIPTION 


The MC3403 is a low-cost, quad operational ampli- 
fier with true differential inputs. The device has elec- 
trical characteristics similar to the popular UA741. 
However the MC3403, has several distinct advan- 
tages over standard operational amplifier types in 
single supply applications. The quad amplifier can 
operate at supply voltages as low as 3.0 volts or as 
high as 36 volts with quiescent currents about one 
third of those associated with the UA741 (on a per 
amplifier basis). The common-mode input range in- 
cludes the negative supply, thereby eliminating the 
necessity for external biasing components in many 
applications. The output voltage range also includes 
the negative power supply voltage. 


PIN CONNECTIONS (top views) 


DIP14 / CERDIP14 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
Vec" 


- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Output 3 

- Inverting input 3 

- Non-inverting input 3 
- Veco" 


OONOORWOND— 
t 


N 
DIP14 
(Plastic Package) 
J 


CERDIP14 
(Cerdip Package) 


eae g 


D GC 
S014 LCC20 
(Plastic Micropackage) (Tricecop (LCC)) 


ORDER CODES 
Part Temperature 
Number Range 
MC3303 |- 40 °C to + 105 °C 
0 °C to + 70 °C 
— 55 °C to + 125 °C 


MC3403 
Note : Hi-Rel Versions Available 
Examples : MC3503J, MC3403N 


MC3503 


- NC 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- NC 

- Output 3 

- Inverting input 3 

- Non-inverting input 3 


- Output 1 
- Inverting input 1 


- Non-inverting input 4 
- Inverting input 4 
- Output 4 


E88MC3303-01 


- Non-inverting input 1 
NC 


- Voc* 


- Non-inverting input 4 
- Inverting input 4 
- Output 4 
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MC3303-MC3403-MC35903 


ABSOLUTE MAXIMUM RATINGS 


[Parameter ——~S~S~*dt~C abs GeaOS | M903 | Unit 
ae 

Caw 

°C 

a © 


) 
[=| Output Shor-cicuit Duration (note 2) | Indefinite | Indefinite | Indefinite —_ 
Operating Free-air Temperature Range |-55t0+125| Oto+70 |-40to+105| °c | 
Storage Temperature Range |- 65 to + 150|- 65 to + 150]- 6510+ 150] °C _ | 


Notes : 1. For supply voltages less than + 15 V, the absolute maximum input voltage !s equal to the supply voltage. 
2. Any of the amplifier outputs can be shorted to ground indefinitely ; however more than one should not be simultaneously shorted as 


the maximum junction temperature will be exceeded. 


SCHEMATIC DIAGRAM 


Bias circuitry common to four 
amplifiers 


(1 stage) 


Non-inverting 
input a 


Inverting 
input 


ies 
N 
fe} a Vcc (Ground) 


E88MC3303-02 


SINGLE SUPPLY DUAL SUPPLIES 
+3Vto +30V F . 
Vcc Vcc 
o = 15Vt0 18V 
J 1.5 Vto 18V 
Vcc 
E88MC3303-03 E88MC3303-04 


Inverting |Non-inverting os ; 
___cose__| owas | "pat [mus | Vee ° 
DIP14/CERDIP14 

SO14 1,7, 8, 14 var © Pace aad Be: 3, 5, 10, 12 11 4 ae 


LCC20 1,2, 12,20 | 3,9,13,19 | 48,1418 | 16 | 6 | 


* LCC20 : Other pins are not connected. 
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MC3303-MC3403-MC3503 


ELECTRICAL CHARACTERISTICS 


MC3403 : 0 <Tamp<+ 70 Veo = £15 V 
MC3303 :— 40 <Tamp <+ 105 C Veo = £15 V 
MC3503 :—55 <Tamp <+ 125 C Veo = £15 V 


| Min. | Typ. | Max. 


Input Offset Voltage (Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S Tamb S$ Tmax 


Input Offset Current 
Tamb = 25 °C 
Tmin S Tamb S Tmax 
Input Bias Current 
Tamb = 25 °C 
Tmin S Tamb S Tmax 


Large Signal Voltage Gain 
(Vo =£ 10 V, Rt =2 kQ) 
Tamb = 25 °C 
Tmin S$ Tamb S$ Tmax 
SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S Tamb S$ Tmax 
loc Supply Current, all Amp, no Load 
Tamb = 25 °C 
Tmin S$ Tamb S$ Tmax 


Input Voltage Range 
Tamb = 25 °C 
Tmin S Tamb S Tmax 
CMR | Common Mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S Tamb S$ Tmax 


Output Short-circuit Current mA 
Tamb = 25 °C 10 30 45 


Output Voltage Swing 
Tans = 25 °C 


Tmin 2 Tamb 2 Tmax 


Slew Rate (Vj =+ 10 V Rr =2 kQ V/us 
CL < 100 pF, Tamp = 25 °C, unity gain) 0.45 0.7 


Rise Time and Fall Time 
(Vo =+ 20 mV, Ry =2 kQ, Cy s 100 pF 
Tamb = 25 °C, unity gain) 


Kov Overshoot (V; =+ 20 mV, Ry = 2 kQ % 
Ci < 100 pF, Tamb = 25 °C, unity gain) 10 
Input Impedance, Tamp = 25 °C | os | ot | 


Output Impedance, Tamp = 25 °C 
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MC3303-MC3403-MC3503 


ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Power Bandwidth (Ri = 2 kQ, C_ = 100 pF 
Ay = 1S Teamb = 25 °C. Vo = 2 Vop, THD < 5 %) 


Unity Gain Bandwidth 
(Vo =10 mV, RL =2 kQ, OC, < 100 pF, Tamb = 25 °C, 
unity gain) 


Gain Bandwidth Product 
(Vo =10 mV, Ry, =2 kQ, C, < 100 pF, f = 100 kHz, 
amb = 25 °C) 


THD Total Harmonic Distortion 


Vn Equivalent Input Noise Voltage 
(f = 1 kHz, Rg = 100 Q) 
Phase Margin 
DVio Input Offset Voltage Drift 
T min < Tamb < T max 
Input Offset Current Drift 
Tain < Pane < 25 °C 
Channel Separation 


ELECTRICAL CHARACTERISTICS (continued) 
Voct =5V, Voc = Ground (unless otherwise specified) 


MC3303, MC3403, MC3503 


Typ. 


MHz 


0 


BAS 
oo 


, 4 are 
ho 
= 
o 
= 
a 
N 


a 
oO 


120 


oO 


o1 
oO 


Input Offset Voltage (Rs < 10 kQ) 
Tamb = 25 °C 
Tmin S$ Tamb S$ Tmax 
Input Offset Current 
Tamb = 25 °C 
Tmin < Tamb S$ Tmax 
Input Bias Current 
Tamb = 25 °C 
T min = T amb Ss T max 
Large Signal Voltage Gain 
(Vo =+ 10 V, RL =2 kQ) 
Tamb = 25 °C 
Tmin S Tamb S$ Tmax 
Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
T min < Tamb = Tmax 


loc Supply Current (all amp, Vo =0 V) 


Vopp Output Voltage Range (Rx = 10 kQ) 
+5 Vs Veco <+30V 
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CIRCUIT DESCRIPTION 


The MC3403 is made using four internally compen- 
sated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices 
Q24 and Q22 with input buffer transistors Q25 and 
Q21 and the differential to single ended converter 
Q3 and Q4. The first stage performs not only the first 
stage gain function but also performs the level shif- 
ting and transconductance reduction functions. By 
reducing the transconductance a smaller compen- 
sation capacitor (only 5 pF) can be employed, thus 
saving chip area. 


The transconductance reduction is accomplished 
by splitting the collectors of Q24 and Q22. Another 
feature of this input stage is that the input common- 
mode range can include the negative supply of 


TYPICAL PERFORMANCE CURVES 


20 us/div. 


E88MC3303-05 


APPLICATION INFORMATION 
VOLTAGE REFERENCE 


E88MC3303-07 


MC3303-MC3403-MC3503 


ground, in single supply operation, without satura- 
tion either the input devices or the differential to sin- 
gle-ended converter. 


The second stage consists of a standard current 
source load amplifier stage. The output stage is uni- 
que because it allows the output to swing to ground 
in single supply operation and yet does not exhibit 
any crossover distortion in split supply operations. 
This is possible because class AB operation is utili- 
zed. 


Each amplifier is biased from an internal voltage re- 
gulator which has alow temperature coefficient thus 
giving each amplifier good temperature characteri- 
stics as well as excellent power supply rejection. 


50 nV/div. 


E88MC3303-06 


WIEN BRIDGE OSCILLATOR 


1 
fon - —___—. 
O- 37 AC 


For fg =1 kHz 
R = 16 kn 


E88MC3303-08 
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APPLICATION INFORMATION (continued) 
HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 


eg =C (1 + a + b) (ep — e}4) 


£88MC3303-09 


BI-QUAD FILTER 


R= 160 k82 
C - 0.001 pF 
Ri= 16MM 
R2-1.6M2 
R3- 1.6MQ 


COMPARATOR WITH HYSTERESIS 


Hysteresis 


oR 
iL Aten? [You -Virety) + Mier) 


R1 
1H ~A1+R2 You — Vira)! + Vref) 


R1 
Spam -Vv 
H= aye Re (VOH ou) 


E88MC3303-10 


100 ksz 


t———O_ Notch output 


where Tgp - Center frequency gain 
Ty = Passband notch gain 


E88MC3303-11 
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MC3303-MC3403-MC3503 


APPLICATION INFORMATION (continued) 
FUNCTION GENERATOR 


_ly Triangle wave output 
as 


Vref) 


O Square wave output 


E88MC3303-12 


MULTIPLE FEEDBACK BANDPASS FILTER 


Co 
Co - 10C 


Vinten 
V ref) (ref) = 3 Yee 


£88MC3303-13 
Given fo = Center frequency choose values fo, C then: R3= a 
O 
A(fo) = Gain at center frequency . 
3 


2A (fo) 
R1R5 
40? R1i- R5 


For less than 10 % error operational amplifiers 


Qofo 
BW 
If source impedance varies, filter may be preceded with voltage follower buffer to stabilize filter parameters. 


< 0.1 where fo and BW are expressed in Hz 
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MC3303-MC3403-MC3503 


TYPICAL PERFORMANCE CURVES 


POWER BANDWIDTH 


OPEN LOOP FREQUENCY RESPONSE 


(SP) Ni 


+ 25°C 


Tamb 


< 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


5 SSVLIOA dOO1 N3adO IVNOIS 30"V1 


E88MC3303-15 


E88MC3303-1 4 


OUTPUT SWING VERSUS SUPPLY VOLTAGE 


POSE 
ee 


(dda) SDNVY SDVWLIOA LNdLNO 


Véc AND Vcc POWER SUPPLY VOLTAGES 


E88MC3303-16 
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MC3303-MC3403-MC3503 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 


14 ens 


1,86 max. 
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PACKAGE MECHANICAL DATA (continued) 
14 PINS — PLASTIC MICROPACKAGE (SO) 


1.75 max. 
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MC4558 


WIDEBAND DUAL OPERATIONAL AMPLIFIERS 


a INTERNALLY COMPENSATED 

a SHORT—CIRCUIT PROTECTION 

a GAIN AND PHASE MATCH BETWEEN AMPLI- 
FIERS 

a LOW POWER CONSUMPTION 

m PIN TO PIN COMPATIBLE WITH 
MC1458/LM358 

« GAIN BANDWIDTH PRODUCT (at 20KHz) 
5.5MHz 


DESCRIPTION 


The MC 4558 is a high performance monolithic dual 
operational amplifier constructed on a single silicon 
chip. 

The circuit combines all the outstanding features of 
the MC1458 and, in addition, possesses three times 
the unity gain bandwidth of the industry standard. 


PIN CONNECTIONS (top views) 


(Metal Can) 


(Plastic Package) 
J 


CERDIP8 
(Cerdip Package) 


Net 


D 
SO8 
(Plastic Micropackage) 


ORDER CODES 


Part Temperature 
Number Range HIN] J] D_ 


MC4558C; 0° to+ 70°C 
MC45581 |— 40 °C to + 105 °C 


Example : MC4558N 


DIP8/CERDIP8 


E88MC4558-00 


January 1988 


1 — Output 1 

2 — Inverting input 1 

3 — Non-inverting input 1 
4—Vec 


5 — Non-inverting input 2 
6 — Inverting input 2 

7 — Output 2 

8-—Vdo 


E88MC4558-01 
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MC4558 


ABSOLUTE MAXIMUM RATINGS 


[symbol| Parameter |S MCa5S8I_ | Mca5s8c | Unit _| 
T | Output Short-circuit Duration [indefinite CdS” 
Operating Free-air Temperature Range 


SCHEMATIC DIAGRAM (1/2 MC4558) 


Inverting input {| 
Non-inverting input [ | 


E88MC4558-03 


inverting Non-inverting £ “ 


TO99 

DIP8 

CERDIPS 2.6 3.5 4 1.7 
SO8 


2/6 
hr SES 
732 


MC4558 


ELECTRICAL CHARACTERISTICS 

MC4558C : O<Tamb $+ 70T Voc = 
MC45581 : -—40<Tamp $ +105 TC Voc 
(unless otherwise specified) 


Input Offset Voltage (Rs < 10 kQ) 
‘lamb = 25 °C 
Tmin < Tamb S Tmax 


Input Offset Current 
dame = 25 °C 
T min S T amb < T max 


Input Bias Current nA 
Tamb = 29 °C 100 
Tmin < T amb < T max 200 


Avo Large Signal Voltage Gain 
(Vo =£ 10 V, Re =2 kQ) 
Tamb = 25 °C 200 
T min = Tamb = Tmax 


Svr Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
Heer = 25 °C 


Tmin < Tamb S Tmax 


loc Supply Current, all Amp, no Load 
ee = 25 °C 
Tmin < Tamb S Tmax 


VI Input Voltage Range 
Tans = 25 °C 
Tmin = Tamb = T max 


CMR_ | Common-mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 od & 


Tmin < Tam S = Tmax 


MC4558 1, C 


nm 


a) 
oO 


+ + rs 
— ok D tn 
N Po 
p< 


aS 
oO 
E 
> 


eine Voltage Swing 
Tamb = 25 °C 


Tmin Ss Tamb < T max 


Slew-rate (Vj =+ 10 V, Rp =2 kQ, 
Cr. < 100 pF, Tamp = 25 °C, unity gain) 


Rise Time (V; =+ 20 mV, Rr =2 kQ, Cy = 100 pF, 


Tamb = 25 °C, unity gain) 


Kov Overshoot (V; =+ 20 mV, Ri, =2 kQ, % 
Ci < 100 pF, Tamb = 25 °C, unity gain) 15 
2 


Be Input Resistance, Tamb = 25 °C 


Input vanacianc:: Tamb = 25 °C 
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MC4558 


ELECTRICAL CHARACTERISTICS (continued) 


Symbol Parameter wih deals 
| Min. | Typ. | Max. | 
Gain Bandwidth Product Soll. 


(V; =10 mV, Ri =2 kQ, Cy < 100 pF, 


THD Total Harmonic Distortion 
(f = 1 kHz, Ay =20 dB, Ri =2 kQ, Vo =2 Vpp, 
CL < 100 pF, Tamb = 25 °C) re 008 
Vi Equivalent Input Noise Voltage nv/VHz 
(f = KHz, Rg = 100 Q) 


TRANSIENT RESPONSE TEST CIRCUIT 


a 
c 
N 


OSCILLOSCOPE OSCILLOSCOPE 


E88MC4558-02 


oO 
ee (ae ae ee ee Ce Han 
ee es Ts a ae Oe a a ae 
peat ie ae Ht} + +} — Le ae a oe ie 
=e nae ie ae es ee a ane (Ca eed ee) 
S am ee ee a oe se SS 
© ss Ee Male ell eke seca Sle ees 
Hao eee Ee es a es ae (hr es 
Sn Fabs Le ae Da =e ie RE ee 
RECEP REA) RRR 
tat 10 100 10k 10k t0k 10M 10M ss a ee ee 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88MC4558-04 E88MC 4558-05 
POSITIVE sare VOLTAGE SWING VERSUS NEGATIVE OUTPUT VOLTAGE SWING VERSUS 


LOAD RESISTANCE 
LAT 


OAD RESISTANCE 
oo 


NEGATIVE OUTPUT VOLTAGE SWING (V) 


100 AU 10k 20k Wk 20k 50k 100k 
LOAD RESISTANCE (f) 


POSITIVE OUTPUT VOLTAGE SWING (V) 


LOAD RESISTANCE (2) 


E88MC4558-06 E88MC4558-07 
ae eae a td eh kz SGS-THOMSON 
IF McROELECTROMCS 


734 


MC4558 


POWER BANDWIDTH 
(Large signal swing versus frequency) 


w ECCHEARIEEE CHEECH Ll 


ECCT CT 
SCTE TIE TT AAT 
BUR HTN 


tt Ht 
Ev AVON AT HSS 


SS 


OUTPUT VOLTAGE (Vpp) 
) 


ear suienicy i 
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PACKAGE MECHANICAL DATA 
8 PINS — METAL CAN TO99 


12,7 min. 


MSON 5/6 
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MC4558 


PACKAGE MECHANICAL DATA (continued) 
8 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 
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a LOW TURN OFF TIME 

a MAXIMUM OPERATING FREQUENCY GREA- 
TER THAN 500Hz 

a TIMING FROM MICROSECONDS TO HOURS 

» OPERATES IN BOTH ASTABLE AND MONO- 
STABLE MODES 

a» HIGH OUTPUT CURRENT CAN SOURCE OR 
SINK 200mA 

» ADJUSTABLE DUTY CYCLE 

a TTL COMPATIBLE 

mw TEMPERATURE STABILITY OF 0.005% 
PER ‘C 


DESCRIPTION 


The NE555 monolithic timing circuit is a highly sta- 
ble controller capable of producing accurate time 
delays or oscillation. In the time delay mode of ope- 
ration, the time is precisely controlled by one exter- 
nal resistor and capacitor. For a stable operation as 
an oscillator, the free running frequency and the du- 
ty cycle are both accurately controlled with two ex- 
ternal resistors and one capacitor. The circuit may 
be triggered and reset on falling waveforms, and the 
output structure can source or sink up to 200mA. 
The NE555 is available in plastic and ceramic mini- 
dip package and in a 8-lead micropackage and in 
metal can package version. 


PIN CONNECTION (top views) 


GND 1 7 Discharge 


Trigger 2 6 Threshold 


Output 3 5 Contro! voltage 


E88NE555-01 
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NE555 - SA555 
SE555 


PRECISION TIMERS 


N D 
MINIDIP SO-8 
(Plastic Micropackage) 


(Plastic Package) 
J 
MINICERDIP 
(Cerdip Package) 


(Ca 


H 
TO-99 
(Metal Can) 


ORDER CODES 
Part Temperature 
Number Range 
ss 0°C to 70°C 


— 40°C to 105°C 
— 55°C to 125°C 


DIP8 CERDIP8 
SO8 


7 |] Discharge 


61 | Threshold 
Control 
5 fe Voltage 


Output [| | 3 


E88NE555-02 
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NE555/SA555/SE555 


BLOCK DIAGRAM 


THRESHOLD 


CONTROL R 
VOLTAGE DISCHARGE 


FLIP-FLOP 


s 
INHIBIT/ 
TRIGGER RESET 


S- 6086 - E88NE555-03 


ABSOLUTE MAXIMUM RATINGS 


Symbal Parameter [Vetus Toit 
Supply Voltage for SE555 18 
for NE555 16 
Operating Temperature Range for NE555 0 to 70 °C 
for SA555 — 40 to 105 
for SE555 — 55 to 125 
= 65 to 150 
SCHEMATIC DIAGRAM 


Storage Temperature Range 


THRESHOLD CONTROL 
COMPARATOR VOLTAGE 


THRESHOLDO 


-—-3------- o--x: 


TRIGGER O 


ae 
16 00 in 7K 0 


RESET 
DISCHARGE O 


Ne 


GND O 


TRIGGER COMPARATOR FLIP FLIP FLOP S-6107 
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NE555/SA555/SE555 


THERMAL DATA 


Plastic Ceramic 
Dip Dip 


Thermal Resistance Junction-ambient max.| 120°C/W | 150°C/W | 200°C/W |155°C/W 


ELECTRICAL CHARACTERISTICS 
Tamb = + 25°C, Vg = + 5V to + 15V (unless otherwise specified) 


a eae ae 
Parameter i Tw | 
ET T0 IO TICTET 


Supply Current (Ri o) Note 1 
3 5 3 
10 12 10 
High State Voc = 5V 2 2 
Timing Error (monostable) 
(Ra =2 to 100kQ,C =0.1pF) 
Initial Accuracy (note 2) 0.5 2 1 3 % 
Drift with Temperature 30 100 50 ppm/°C 
Drift with Supply Voltage 0.05 | 0.2 0.1 0.5 %IV 
Vs =+ 15V) initial Accuracy (note 2) 
Drift with Temperature 
: a 
Threshold Voltage 
Voc = + 15V 9.4 10 vii 8.8 10 11.2 
Voc =+ 5V 2.7 | 3.33 24 | 3.33 | 42 
| lin _| Threshold Current (note 3) pres |e ee tas | az | 
Reset Voltage (note 4) 
Reset Current 


Low State Vcc =+ 5V 
Timing Error (astable) 

1.5 2.25 % 
90 150 ppm/°C 

Drift with Supply Voltage 0.15 0.3 %IVV 

Vtrig | Trigger Voltage 

Veco =+ 15V 4.8 5.2 5.6 

Voc = + 5V aie BL ra Ba ras 

Vreset =+ 0.4V 


Veco =+ 15V 
(Ra, Re = 1kQ to 100kQ, C =0.1pF, 
Control Voltage level 
Voc =+ 15V 10 10.4 
= 3.33 | 3.8 
Trigger Current (Vtrig = OV) 
Vreset =0V 


Low Level Output Voltage 
Veco = + 15V, lo(sink) = 10MA 


lo(sink) = 50mA 

lo(sink) = 100mA 

lo(sink) = 200MA 
Voc =+ 5V, locsinky =8MA 


lo(sink) = SMA 

High Level Output Voltage 

Voc = + 15V, lo(sourcey = 200MA 
lo(source) = 100MA 

lo(source) = 100mA 


13 13.3 12.75 | 13.3 
3 3.3 2.75 | 3.3 


Voc = + BV, 
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NE555/SA555/SE555 


Vdis(sat) 


ELECTRICAL CHARACTERISTICS (continued) 
ace 
ymbo arameter 
ip ofa 
Discharge pin Saturation Voltage (output low) 
(note 5) 
180 480 180 480 
Voc = + 5V, lais = 4.5mA 80 200 80 200 
tr Output Rise Time 100 |} 200 100 } 300 
tt Output Fall Time 100 | 200 100 | 300 
Notes : 1. Supply current when output is high is typically 1 mA less. 
2 Tested at V5 =+5V and Vs= +15V 
3. This will determine the maximum value of Ra + Re for + 15V operation the max total is R = 20MQ and for 5V 
operation, the max total R = 3.5MQ. 
4 
5 No protection against excessive Pin 7 current is necessary, providing the package dissipation rating will not 
be exceeded. 
Low of the output trigger is tied to treshold. 
Figure 1 : Minimum Pulse Width Required for Tri- Figure 2 : Supply Current Vs. Supply Voltage. 


Discharge Pin Leakage Current (output high) | 100 | | 100 | 
Turn off Time (note 6), Vreset = Voc | fos | | fos | 
. Specified with trigger input high. 
6. Time measured from a positive going input pulse from 0 to 0.8xVS into the threshold to the drop from high to 
gering. 


G-5415 G -5416 


0 01 02 03 Vy (Vv) 5 10 15 Ve VI 


Figure 4 : Low Output Voltage Vs. Output Sink 


Figure 3 : Delay Time Vs. Temperature. 
Current. 


G-5S026 


-50 -25 0 25 50 75 Tamb (°C) i 
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NE555/SA555/SE555 


Figure 5 : Low Output Voltage Vs. Output Sink Figure 6 : Low Output Voltage Vs. Output Sink 
Current. Current. 
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Figure 7 : High Output Voltage Drop Vs. Output Figure 8 : Delay Time Vs. Supply Voltage. 


Source Current. 
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Figure 9 : Propagation Delay Vs. Voltage Level of 
Trigger Value. 
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NE555/SA555/SE555 


APPLICATION INFORMATION 


MONOSTABLE OPERATION 


In the monostable mode, the timer functions as a 
one-shot. Referring to figure 10 the external capa- 
citor is initially held discharged by a transtor inside 
the timer. 

The circuit triggers on a negative-going input signal 
when the level reaches 1/3 Vs. Once triggered, the 
circuit remains in this state until the set time has 
elapsed, even if it is triggered again during this in- 
terval. The duration of the output HIGH state is gi- 
ven by t= 1.1 R1C1 and is easily determined by fi- 
gure 12. Notice that since the charge rate and the 
threshold level of the comparator are both directly 
proportional to supply voltage, the timing interval is 
independent of supply. Applying a negative pulse si- 
multaneously to the Reset terminal (pin 4) and the 
Trigger terminal (pin 2) during the timing cycle dis- 
charges the external capacitor and causes the cy- 


Figure 10. 


+Vg= 5TOISV 


cle to start over. The timing cycle now starts on the 
positive edge of the reset pulse. During the time the 
reset pulse in applied, the output is driven to its LOW 
state. 


When a negative trigger pulse is applied to pin 2, 
the flip-flop is set, releasing the short circuit across 
the external capacitor and driving the output HIGH. 
The voltage across the capacitor increases expo- 
nentially with the time constant t = R1C1. When the 
voltage across the capacitor equals 2/3 Vs, the com- 
parator resets the flip-flop which then discharge the 
capacitor rapidly and drivers the output to its LOW 
state. 


Figure 11 shows the actual waveforms generated in 
this mode of operation. 


When Reset is not used, it should be tied high to 
avoid any possibly or false triggering. 


Figure 11. 
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ASTABLE OPERATION 


When the circuit is connected as shown in figure 13 
(pin 2 and 6 connected) it triggers itself and free runs 
as a multivibrator. The external capacitor charges 
through R1 and R2 and discharges through R2 on- 
ly. Thus the duty cycle may be precisely set by the 
ratio of these two resistors. 


In the astable mode of operation, C1 charges and 
discharges between 1/3 Vs and 2/3 Vs. As in the 
triggered mode, the charge and discharge times and 
therefore frequency are independent of the supply 
voltage. 


Figure 14 shows actual waveforms generated in this 


mode of operation. D= RT+2R2 
Figure 13. Figure 14. 
t=O 5ms/DIV G- 5030 
ee ERRRIEE 
ef wefclahng 
CONTROL J\V\/\) 
VOLTAGE 
— TE 
CAPACITOR VOLTAGE =10 V/DIV 
R1I-R2= 4.6K0,C1=0.1 pF, Ri =tK a 
Figure 15 : FreeRunning Frequency vs. R1, Re, 
and C1. 
6-5031 
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The charge time (output HIGH) is given by : 
ti = 0.693 (R1 + R2) C1 

and the discharge time (output LOW) by : 
to = 0.693 (R2) C1 

Thus the total period T is given by : 

T =ti + t2 = 0.693 (R1 + 2R2) C1 


The frequency of oscillation is then : 
Pe en Fc ae 
~ TT  ~ (R1 +2R2) C1 


and may be easily found by figure 15. 
The duty cycle is given by : 
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PULSE WIDTH MODULATOR 


When the timer is connected in the monostable 
mode and triggered with a continuous pulse train, 
the output pulse width can be modulated by a signal 
applied to pin 5. Figure 16 shows the circuit. 


Figure 16 : Pulse Width Modulator. 


LINEAR RAMP 


When the pullup resistor, Ra, in the monostable cir- 
cuit is replaced by a constant current source, a li- 
near ramp is generated. Figure 17 shows a circuit 
configuration that will perform this function. 


Figure 17. 


Figure 18 shows waveforms generator by the linear 
ramp. 


The time interval is given by : 


2/3 Vs Re (Ri + Re) C 
Ri Vs — Vee (Ri + Re) 
Note that this circuit will not oscillate if Rp is greater 
than 1/2 Ra because the junction of Ra and Rp can- 


not bring pin 2 down to 1/3 Vs and trigger the lower 
comparator. 


Vee = 0.6V 


Figure 18 : Linear Ramp. 


Vs = 5V Top trace : input 3V/DIV 
TIME = 20ns/DIV Middle trace : output 5V/DIV 
Ri = 47KQ Bottom trace : output 5V/DIV 


Rz= 100KQ Bottom trace : capacitor voltage 
Re = 2.7KQ 1V/DIV 
C = 0.01pF 


50% DUTY CYCLE OSCILLATOR 


For a 50% duty cycle the resistors Ra and Re may 
be connected as in figure 19. The time period for the 
output high is the same as previous, 

ti = 0.693 Ra C. 


For the output low it is te = 


[(Ra Re)/(Ra + Re)] CL { wane 


atinn | 1 
Thus the frequency of oscillation is f = oe 2 


Figure 19 : 50% Duty Cycle Oscillator. 


ADDITIONAL INFORMATION 


Adequate power supply bypassing is necessary to 
protect associated circuitry. Minimum recommen- 
ded is 0.1p1F in parallel with 1uF electrolytic. 
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PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC MICROPACKAGE (SO) 


(1) Nominal dimension 


(2) True geometrical position 
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8 PINS — METAL CAN TO 99 
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a LOW TURN-OFF TIME 

=» MAXIMUM OPERATING FREQUENCY GREA- 
TER THAN 500 kHz 

a TIMING FROM MICROSECONDS TO HOURS 

a OPERATES IN BOTH ASTABLE AND MONO- 
STABLE MODES 

a» HIGH OUTPUT CURRENT CAN SOURCE OR 
SINK 200 mA 

» ADJUSTABLE DUTY CYCLE 

» TTL COMPATIBLE 

=» TEMPERATURE STABILITY OF 0.005% 
PER °C 


DESCRIPTION 


The JNE556 dual monolithic timing circuit is a highly 
stable controller capable of producing accurate time 
delays or oscillation. In the time delay mode of ope- 
ration, the time is precisely controlled by one exter- 
nal resistor and capacitor. For a stable operation as 
an oscillator, the free running frequency and the du- 
ty cycle are both accurately controlled with two ex- 
ternal resistors and one capacitor. The circuit may 
be triggered and reset on failling waveforms, and 
the output structure can source or sink up to 200mA. 


PIN CONNECTION (top views) 


NE556 - SA556 
SE556 


PRECISION DUAL TIMERS 


D 
SO-14 


(Plastic Package) (Plastic Micropackage) 
J 


CERDIP14 
(Cerdip Package) 


ORDER CODES 
Part Temperature 
Number Range 


NE556 0°C to + 70°C 
— 40°C to + 105°C 
— 55°C to + 125°C 


SA556 
SE556 


DIP 14 —CERDIP 14-— SO 14 


OIS CHARGE | 1 


THRESHOLD | 2 


CONTROL 
VOLTAGE 


RESET 


OUTPUT 
TRIGGER 


GND 


January 1989 


CONTROL 
VOLTAGE 


RESET 
OUTPUT 


TRIGGER 


1/8 


147 


NE556/SA556/SE556 


BLOCK DIAGRAM 


THRESHOLO 


CONTROL R 
VOLTAGE DISCHARGE 


FLIP-FLOP 


i) 
INHIBIT? 
TRIGGER RESET 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter | Value 
Supply Voltage for SE556 18 
for NE556 16 
Operating Temperature Range for NE556 0 to 70 
for SA556 — 40 to 105 
for SE556 — 55 to 125 


tee Storage Temperature Range — 65 to 150 | | 
Junction Temperature 


SCHEMATIC DIAGRAM 


THRESHOLD CONTROL OUTPUT 
COMPARATOR VOLTAGE 


a= 
5 @ 


OoO-- 


THRESHOLDO 


TRIGGER O ~ (ard 5 
100KQ | 


peser son aed 
JISCHARGE O 
R6 R7 R 
100 i 
GND O 1 KN 


TRIGGER COMPARATOR _ FLIP FLOP §-8107 
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NE556/SA556/SE556 


THERMAL DATA 


Ceramic Plastic 


Thermal Resistance Junction-ambient max.} 150°C/W } 165°C/W |} 200°C/W 


ELECTRICAL CHARACTERISTICS 
Tamb = + 25°C, Voc = + 5V to + 15V (unless otherwise specified) 


c_| Supply Voltage 


Supply Current (R- o) Note 1 
Low State Voc =+ 5V 

Voc =+ 15V 
High State Vcc = 5V 


Timing Error (monostable) 
(Ra =2 to 100kQ, C = 0.1pF) 
Initial Accuracy (note 2) 
Drift with Temperature 
Drift with Supply Voltage 


Timing Error (astable) 
(Ra, Re = 1kQ to 100kQ, C =0.1nF, 
Voc = + 15V) initial Accuracy (note 2) 
Drift with Temperature 
Drift with Voltage 


Control Voltage level 
Veco =+ 15V 
Voc = + 5V 


3 S 
Threshold Voltage 
Voc = + 15V 8.8 10 11.2 
Vec = + 5V 2.4 3.33 4.2 
Threshold Current (note 3) Pas fear Pas fear 


Trigger Voltage 
Voc = + 15V 
Voc = + 5V 


 elieige Trigger Current (Vtrg = OV) 
Reset Voltage (note 4) 


Reset Current 
Vreset = + 0.4V 
Vreset = 0V 


Low Level Output Voltage 
Veco = + 15V, lo(sink) = 10MA 
lO(sink) = 50mA 
lo(sink) = 100mA 
lo(sink) = 200mMA 
Vec = + 5V, lo(sink) = 8mA 
lo(sink) = SMA 


High Level Output Voltage 
Voc =+ 15V, lo(sourcey = 200MA : : 
lo(source) = 100mMA ‘ 12.75 | 13.3 
Vec = + 5V, lo(source) = 100mA . 2.75 3.3 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol Parameter 


Discharge Pin Leakage Current (output high) 


Vais(sat) | Discharge pin Saturation Voltage (output low) 
(note 5) 
Veco = + 15V, lais = 15mA 
Voc =+ 5V, lais = 4.5mMA 


tr Output Rise Time 
tt Output Fall Time 


Turn off Time (note 6), Vreset = Vs 


Notes : 1. Supply current when output is high is typically 1mA less. 
2. Testedat Vs=+5V and Vs= +15V. 
3. This will determine the maximum value of Ra + Rs for + 15V operation the max total is R = 20MQ and for 5V operation, the Max total 
R= 3.5MQ. 
4. Specified with trigger input high. 
5. No protection against excessive pin 7 current is necessary, providing the package dissipation rating will not be exceeded. 
6. Time measurement from a positive going Input pulse from 0 to 0.8xVs into the threshold to the drop from high to low of the output 
trigger is tied to threshold. 
Figure 1 : Minimum Pulse Width Required for Figure 2 : Supply Current vs. Supply Voltage. 
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Figure 5 : Low Output Voltage Vs. Output Sink 


Current. 
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Figure 7 : High Output Voltage Drop Vs. Output 


Source Current. 
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Figure 9 : Propagation Delay Vs. Voltage Level of 
Trigger Value. 


4] 


NE556/SA556/SE556 


Figure 6 : Low Output Voltage Vs. Output Sink 
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TYPICAL APPLICATION 


50% DUTY CYCLE OSCILLATOR PULSE WIDTH MODULATOR 


Modulation input 
E88NE556-02 E88NE556-03 


t1 = 0.693 Ra.C 
2 =[(RaRa)(Ra+RelJC Int SEERA y 


ae 
t1+t2 


Re < ;- Ra 
t2 


tl 
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_ NE556/SA556/SE556 
TONE BURST GENERATOR 


For a tone burst generator the first timer is used as a monostable and determines the tone duration when 
triggered by a positive pulse at pin 6. The second timer is enabled by the high output of the monostable. It 
is connected as an astable and determines the frequency of the tone. 


Trigger 


. 6 
J 


ees 0. aaa 
(Ra + 2Rp) C 


E88NE556-04 


MONOSTABLE OPERATION ASTABLE OPERATION 


' 
Trigger © 4(10) 14 


Output Output 


Operating frequency t= oo AAA 
(Ra + 2 RplCc 


E88NE556-05 E88NE556-06 


t1 = 0.693 (Ra + Re)C Output High 
t2 =0.693 RaC Output Low 


t2 


tl 
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NE556/SA556/SE556 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominat dimension 


(2) True geometrical position 


1 4 Pins 


14 PINS — PLASTIC MICROPACKAGE (SO) 


14 Pins 
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$G1524 
$G2524 
$G3524 


REGULATING PULSE WIDTH MODULATORS 


a COMPLETE PWM POWER CONTROL CIRCUI- 
TRY 

a UNCOMMITTED OUTPUTS FOR SINGLE-EN- 
DED OR PUSH PULL APPLICATIONS 

a LOW STANDBY CURRENT .. 8 mA TYPICAL 

m OPERATION UP TO 300 KHz 

w 1 % MAXIMUM TEMPERATURE VARIATION 
OF REFERENCE VOLTAGE 


DESCRIPTION 

The $G1524 , SG2524, and SG3524 incorporate on 
a single monolithic chip all the function required for 
the construction of regulating power supplies inver- 
ters or switching regulators. They can also be used 
as the control element for high power-output appli- 
cations. The SG1524 family was designed for swit- 
ching regulators of either polarity, transformer-cou- 
pled dc-to-dc converters, transformerless voltage 
doublers and polarity converter applications em- 
ploying fixed-frequency, pulse-width modulation 


BLOCK DIAGRAM 


COMPENSATION 
9 


INV INPUT 
10 


NI INPUT 
2C--— 


September 1988 


techniques. The dual alternating outputs allows ei- 
ther single-ended or push-pull applications. Each 
device includes an on-ship reference, error ampli- 
fier, programmable oscillator, pulse-steering flip- 
flop, two uncommitted output transistors, a high- 
gain comparator, and current-limiting and shut- 
down circuitry. 


SO16 J 


(Plastic —0.25— and Ceramic) 


ORDER CODES : SG1524J — SG2524J — SG3524J 
(Ceramic) 
SG2524N — SG3524N (Plastic) 
SG2524P — SG3524P (SO-16u) 


*5V 


SHUTOOWN 
10 
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$G1524-SG2524-SG3524 


ABSOLUTE MAXIMUM RATINGS 


Symbol 
Collector Quptut Current 
Ir 


| In| Reference Output Current | 
tr | Current Through Cr Terminal | = Bm 


Top Operating Ambient Temperature Range SG1524 — 55 to 125 °C 
$G2524 — 25 to 85 °C 
$G3524 0 to 70 °C 


CONNECTION DIAGRAMS 


C L(+) SENSE 


CL{-) SENSE 


GROUND 9 |] COMPENSATION 


$~6393 11 


THERMAL DATA 
Plastic Ceramic 
Rth j-amb Themal Resistance Junction-ambient Max 80 °C/W 150 °C/W _ 
Rth j-aluminta | Themal Resistance Junction-aluminia Max — _ 50 °C/W 


* Thermal resistance junction—alumina with the device soldered on the middle of an alumina supporting substrate measuring 15 x 20 mm; 
0.65 mm thickness with infinite heatsink 
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$G1524-SG2524-SG3524 


ELECTRICAL CHARACTERISTICS (unless otherwise stated , these specifications apply for 
Tj = — 55 © to+ 125 TC for the SG1524, — 25 CT to + 85 © for the SG2524, and 0 T to + 70 © for the 
SG3524, V y = 20 V, and f = 20 KHz). 


Test conditions 


Parameter 


ct a me 


REFERENCE SECTION 


| Vrer | OutputVoltage | a | | Se |e | 8 | 54 | UV 
| AVner | Line Regulation |Vw=8toaov | | to | 20 | | 10 | 30 | mv 
| AVrer | Load Regulation [=Oto20ma || 20 | 50 | | 20 | 50 | mv_ 
|__| Ripple Rejection _| f = 120 Hz, Tj = 25 °C 


ee i ae ee ee 

SE le ii a ME A a al 
Limit 

Ze 


[AVer/AT| Temp. Stability [Over Operating Temp. Range|_ | 03 | 1 | [os | 1 | % 
[Long Term Stability |T,=125°C,t=1000Hs | | 20 | | [20 | | mv | 


OSCILLATOR SECTION 


Gr ao0n ur Ay=2Ka | [s00| | [00] [wi 
[Pinas Accuracy [Rr and Gr constant | [5 ||| 5s] |» — 
FWottage siabity [Vin=stoaov.t,-28 | | [7] | [a]. 
[ater | Temperature Stebiiy| Over Operating Temp. Rangel | | 2 ||| 2 |» 
[output ampitude [Pin 8, , =25 [fest | esl vy 
[Troutput Puse wiatr [cr =o0rur 1-25 | [os] | os] [as | 


ERROR AMPLIFIER SECTION 


Small Signal Ay =0 dB, T, = 25 °C 
Bandwidth 


COMPARATOR SECTION 


[_—Touyeye =i Each Option Cid | TO] ee 
[vr [input Treshais | Zero buoys it P| | P|] 
[vir [input threshold [Maximum buys | [3s] | | as] |v _ 
[tp [inputpiss cures | SCE St TT dt] 
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$G1524—-SG2524-SG3524 


ELECTRICAL CHARACTERISTICS (continued) 


Symbol Test conditions 


CURRENT LIMITING SECTION 


Sense Voltage Pin 9 = 2 V With Error 
Amplifier 
Set for Max. Out, Tj = 25 °C 


fe at Sense Voltage T.C. 
Common Mode Volt. 


OUTPUT SECTION (each output) 


[Catecioremitervok| —S=~=~—~SsS—“—sS TC 


Collector Leackage | Vce =40V = 0.1 
Cur 


_— 
P| Rise 7 
Py Fall 
ie 


Fall Time Re =2 KQ, T, = 25 °C ie 
Total Standby Curr. | Vin =40 V a 


(* ) Excluding oscillator charging current, error and current limit dividers, and with outputs open. 


tr 
tt 


aad o1 
—_ 
NJ 
mat 
© 


Figure 1 : Open-loop Voltage Amplification of Figure 2 : Oscillator Frequency vs. Timing 
Error Amplifier vs. Frequency. Components. 
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Figure 3 : Output Dead Time vs. Timing 
Capacitance Value. 
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Figure 5 : Open Loop Test Circuit. 


INPUT 
© 


PRINCIPLES OF OPERATION 


The SG1524 is a fixed-frequency pulse-with-modu- 
lation voltage regulator control circuit. The regulator 
operates at a frequency that is programmed by one 
timing resistor (Rt) and one timing capacitor (C7). 
Rt established a constant charging current for Cr. 
This results in a linear voltage ramp at CT, which is 
fed to the comparator providing linear control of the 
output pulse width by the error amplifier. The 
SG1524 contains, an on-board 5 V regulator that 
serves as a reference as well as powering the 
SG1524’s internal control circuitry and is also use- 
ful in supplying external support functions. This re- 
ference voltage is lowered externally by a resistor 
divider to provide a reference within the common- 


SG1524 


INV 
eu si INPUT INPUT COMP DOWN 


$G1524-SG2524-SG3524 


Figure 4 : Output Saturation Voltage vs. Load 
Current . 


G-514071 


Vce 
(Vv) 


0 20 40 60 


SHUT 


mode range of the error amplifier or an external re- 
ference may be used. The power supply output is 
sensed by a second resistor divider network to ge- 
nerale a feedback signal to error amplifier. The am- 
plifier output voltage is then compared to the linear 
voltage ramp at Cr. The resulting modulated pulse 
out of the high-gain comparator is then steered to 
the appropriate output pass transistors (Qa or Qs) 
by the pulse-steering flip-flop, which is synchro- 
nously toggled by the oscillator output. The oscilla- 
tor output pulse also serves as a blanking pulse to 
assure both output are never on simultaneously du- 
ring the transition times. The width of the blanking 
pulse is controlled by the value of Cr. The outputs 
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9G1524-SG2524-SG3524 


may be applied in a push-pull configuration in which 
their frequency is half that of the base oscillator, or 
paralleled for single-ended applications in which the 
frequency is equal to that of the oscillator. The out- 
put of the error amplifier shares a common input to 
the comparator with the current limiting and shut- 


RECOMMENDED OPERATING CONDITIONS 


Supply voltage Vin 8 to 40 V 
Reference Output Current 0 to 20 mA 
Current through Cr Terminal -0.03 to-2 mA 


TYPICAL APPLICATIONS DATA 


OSCILLATOR 


The oscillator controls the frequency of the SG1524 
and is programmed by Rt and Crt according to the 
approximate formula : 


ie ules. 
Rt Cr 
where Rris in KQ 
Cris in pF 
fis in KHz 


Pratical values of Crt fall between 0.001 and 0.1 LF. 


Pratical values of Rr fall between 1.8 and 100 KQ. ° 


This results in a frequency range typically from 120 
Hz to 500 KHz. 


BLANKING 


The output pulse of the oscillator is used as a blan- 
king pulse at the output. This pulse width is control- 
led by the value of Cr. If small values of Cr are re- 
quired for frequency control, the oscillator output 
pulse width may still be increased by applying a 
shunt capacitance of up to 100 pF from pin 3 to 
ground. If still greater dead-time is required, it should 
be accomplished by limiting the maximum duty cy- 


down circuitry and can be overridden by signals from 
either of these inputs. This common point is also 
available externally and may be employed to control 
the gain of, or to compensate, the error amplifier, or 
to provide additional control to the regulator. 


1.8t0100 KQ 
0.001 to 0.1 pF 


Timing Resistor, Rr 
Timing Capacitor, Ct 


cle by clamping the output of the error amplifier. This 
can easily be done with the circuit below : 


Figure 6. 


SYNCHRONOUS OPERATION 
When an external clock is desired, a clock pulse of 


approximately 3 V can be applied directly to the os- ; 


cillator ouptut terminal. The impedance to ground at: 


this point is approximately 2 KQ. In this configura- 
tion Rt Ct mustbe selected for aclock period slight- 
ly greater than that the external clock. 


If two more SG1524 regulators are to be operated 
synchronously, all oscillator output terminals should 
be tied together, all Cr terminals connected to a sin- 
gle timing capacitor, and the timing resistor connec- 
ted to a single Rt terminal. The other Rt terminals 
can be left open or shorted to Vrer. Minimum lead 
lengths should be used between the Cr terminals. 
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Figure 7: Flyback Converter Circuit. 


$-6420214 


Figure 8: PUSH-PULL transformer-coupled circuit. 
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{7 SGS-THOMSON SG1525A/27A 
7 wicRogecTROWICS SG2525A-3525A/27A 


REGULATING PULSE WIDTH MODULATORS 


» 8 TO 35 V OPERATION shutdown, as well as soft-start recycle with longer 
a» 5.1 V REFERENCE TRIMMED TO+1% shutdown commands. These functions are also 
a» 100 Hz TO 500 KHz OSCILLATOR RANGE controlled by an undervoltage lockout which keeps 
» SEPARATE OSCILLATOR SYNC TERMINAL the outputs off and the soft-start capacitor dischar- 
» ADJUSTABLE DEADTIME CONTROL ged for sub-normal input voltages. This lockout cir- 
e INTERNAL SOFT-START cuitry includes approximately 500 mV of hysteresis 
a» PULSE-BY-PULSE SHUTDOWN for jitter-free operation. Another feature of these 
a INPUT UNDERVOLTAGE LOCKOUT WITH PWM circuits is a latch following the comparator. 

HYSTERESIS Once a PWM pulses has been terminated for any 
a LATCHING PWM TO PREVENT MULTIPLE reason, the outputs will remain off for the duration 

PULSES of the period. The latch is reset with each clock 
» DUAL SOURCE/SINK OUTPUT DRIVERS pulse. The output stages are totem-pole designs ca- 


pable of sourcing or sinking in excess of 200 mA. 
The SG1525A output stage features NOR logic, gi- 
ving a LOW output for an OFF state. The SG1527A 
utilizes OR logic which results in a HIGH output le- 
vel when OFF. 


DIP-16 
(Plastic -0.25 and Ceramic) 


DESCRIPTION 


The SG1525A/1527A series of pulse width modula- 
tor integrated circuits are designed to offer impro- 
ved performance and lowered external parts count 
when used in designing all types of switching power 
supplies. The on-chip + 5.1 V reference is trimmed 
to + 1 % and the input common-mode range of the 
error amplifier includes: the reference voltage elimi- 
nating external resistors. A sync input to the oscilla- 
tor allows multiple units to be slaved or a single unit 
to be synchronized to an external system clock. A 
single resistor between the Cr and the discharge 
terminals provide a wide range of dead time ad- 
justment. These devices also feature built-in soft- 
start circuitry with only an external timing capacitor 
required. Ashutdown terminal controls both the soft- 
start circuity and the output stages, providing instan- 
taneous turn off through the PWM latch with pulsed 
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$G1525A/27A-SG2525A/27A-SG3525A/27A 
CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 


INV INPUT 


N INPUT i 
Type 
SYNC OUTPUT 8 


SG1525A 


Ve 


SG2527A |} SG2527AN | SG2527AJ | SG2527AP 
SG3525A | SG3525AN | SG3525AJ | SG3525AP 
SG3527A | SG3527AN | SG3527AJ | SG3527AP 


mA 
Current through Cy Terminal 5 mA 
Logic Inputs — 0.3 to + 5.5 V 
Analog Inputs -— 0.3 to V, V 


Operating Ambient Temperature : SG1525A/27A — 55 to 125 °C 
SG2525A/27A — 25 to 85 °C 
SG3525A/27A 0 to 70 °C 


THERMAL DATA (DIP-16) 


Ceramic 


Rth j-pins Thermal Resistance Junction-pins Max — 50 °C/W 
Rth j-amb Thermal Resistance Junction-ambient Max 150 °C/W 80 °C/W 
THERMAL DATA (SO16J) 


* Thermal resistance junction-alumina with the device soldered on the middle of an alumina supporting substrate measuring 15x 20 mm ; 065mm 
thickness with infinite heatsink 
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BLOCK DIAGRAM 


QUTPUTA 
" 
TO INTERNAL 
CIRCUITRY 


OSCILLATOR 


UTPUT B | | 
14 


INV INPUT 
1 


NOL OINPUT 
2 


SOFT-START 
8 


SHUTDOWN SKA 


OUTPUT B 
O 


S- 634692 


ELECTRICAL CHARACTERISTICS 
(V, = 20 V, and over operating temperature, unless otherwise specified) 


REFERENCE SECTION 


[aVaer [Line Regulaion | Viestoesv iY 
Taner | Load Regulation [1 =0t020maA 
Vvner/aT| Temp. Staity | Over Operaiing Range | 


Total Output 
Line, Load and Temperature} 5 


| | Short Circuit Current | Vrer = 0 T, = 25 °C 


10 Hz < f < 10 kHz, 
Output Noise Voltage Te Be °C : Ld 


AVrer” | Long Term Stability T, = 125 °C, 1000 hrs 


oO 
— 
oO 
— 
on 
eo 
a 
— 
ul 
ine) 
< 
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ELECTRICAL CHARACTERISTICS (continued) 


one 
OSCILLATOR SECTION™ 


[= [intial Accuracy 1) 25 [_[ee[ee[ [ee [ee] @ | 
(=, [Wottage Siatity [Westoasv——~*|~—iizosf at] lar leel » | 
[atiat* | Temperature Stabiiy| Over Operating Range | [20 [se] |eslze| ™ 
Ry =200K Creature | | [ao] | | 20] we 
Ara2Ko cr=4700F| 400] | [ao] |_| wie 
[—[current wiror —[Inr=2ma————sd a7 | @ [eel a7 | 2 | ee | ma 
Loe cei oe ee ees 
Se 
[J syne input Curent | Syne Votage=asv | [1 tes] [1 [es | ma 


ERROR AMPLIFIER SECTION (Vcy = 5.1 V) 


| Vos | input Oftsetvoltage | | Cf | || 2 | 10 | mv | 
| ty | input Bias Current | Tt tf to] it | 10 | 
ee ee eee 
eae Ee ee 2 75 is} | so} 7s | 


Gain Bandwidth v=0dB T,=25°C = 
Product 
; DC Transconduct. 30 KQ < Rp < 1 MQ 1.1 1.5 1.1 1.5 ms 
ee = 25 a © 


| output tow Lever [oa [os | [oa [os 
See eh em eee ee Y 
[cuit [conn. node ree [Vou =isiesay eo [os [60 [75 | a 


Supply Voltage =8to35V 50 50 
Rejection 


PWM COMPARATOR 


| | Minimum Duty-oycle | Tt TT Tm | 
ees CST en hae ee ee 
= Input Threshold Zero Duy-oyoe __{o7 fos | for fos | _{ v | 

Maximum duy-oce | _[ss|s6] [ss |ae| v_ 
TA CT 


SG1525A/2525A SG3525A 
SG1527A/2527A SG3527A 


| Min. | Typ. |Max.] Min. | Typ. | Max.| 


Test Conditions 


Cc 
bE 
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$G1525A/2525A SG3525A 
SG1527A/2527A SG3527A 


[Min. | Typ. |Max.| Min. | Typ. | Max. | 


ELECTRICAL CHARACTERISTICS (continued) 


SHUTDOWN SECTION 


| | Soft Start Current | Vso=0V,  Vss=0V | 25 | 50 | 80 | 25 | 50 | 80 | HA | 
|_| Soft Start Low Level | Vso=25V | fo | or | fos |o7 | Vv | 


Shutdown Threshold | To outputs, Vss = 5.1 V 1 | V 
T, = 25 °C 

Shutdown Input Vsp =2.5 V 0.4 1 0.4 1 mA 

Current 


[+ | Shutdown Delay | Vso=25v Ti =25°C | [o2tos|  |o2]os | us | 


OUTPUT DRIVERS (each output) (Vc = 20 V) 


NE ceca ee eee 
Cem =tooma i] iP + fe] ta tet 
Tr a ro 


ee peewee Pr re 
Lockout 

|Ve=35V |200| | _—| 200 | 
Cr=inF,  1)=25°C gaa anaes 
OT 


TOTAL STANDBY CURRENT 


[| Sippy Curent [wessv—SSidYSCCid we Pm ie [20 


: . these parameters, although guaranteed over the recommended operating conditions, are not 100 % tested in production. 
* Tested at fose = 40 KHz (Rr = 3.6 KQ, Cr = 0.1 uF, Ro = 0 Q). Approximate oscillator frequency is defined by . 


1 
(ise 
Cr (0.7 Rr+3 Ro) 
= DC transconductance (gm) relates to DC open-loop voltage gain (Gv) according to the following equation : Gy = gw Ri where Rx is the resistance 
from pin 9 to ground. The minimum gm specification is used to calculate minimum Gy, when the error amplifier output is loaded 


Test Conditions 
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$G1525A/27A-SG2525A/27A-SG3525A/27A 


RECOMMENDED OPERATING CONDITIONS (>) 


Oscillator Timing Capacitor 
Dead Time Resistor Range 


(-) Range over which the device is functional and parameter limits are guaranteed. 


Figure 1 : Oscillator Charge Time vs. Rr Figure 2 : Oscillator Discharge Time vs. Rp 
and Cr. and Cr. 


avid 
Wh 


1 2 § 10 20 $0 100 200 500 Ims 2ms T (ys) 02 05 1 2 5 10 20 50 T(ps) 
Figure 3 : SG1525A Output Saturation Figure 4 : Error Amplifier Voltage Gain and 
Characteristics. Phase vs. Frequency. 


V, = 20V 
Tamb= 25°C 


CHICA ‘ 
3 /, WW 
CUTIE TT TAT fk 
SRP Alill = : 
Le [mata gay Gut TS z 
| ys | IN & 
: At SOURCE SAT.Ve-Voy ; Ff} | [pd PT ON i 
VANE || SRE we 
sincere UAT Sassen Geen ee 
001 01 lo (A) 100 1K 10K 100K 1M f(Hz) 
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Figure 5 : SG1525A Error Amplifier. 


PRINCIPLES OF OPERATION 


SHUTDOWN OPTIONS (see Block Diagram) 


Since both the compensation and soft-start termi- 
nals (Pins 9 and 8) have current source pull-ups, ei- 
ther can readily accept a pull-down signal which on- 
ly has to sink a maximum of 100 pA to turn off the 
outputs. This is subject to the added requirement of 
discharging whatever external capacitance may be 
attached to these pins. 


An alternate approach is the use of the shutdown 
circuitry of Pin 10 which has been improved to en- 
hance the available shutdown options. Activating 
this circuit by applying a positive signal on Pin 10 
performs two functions : the PWM latch is immedia- 


——______-____._ fj ss‘ 


TO PWM 
COMPARATOR 


tely set providing the fastest turn-off signal to the 
outputs ; and a 150 pA current sink begins to dis- 
charge the external soft-start capacitor. If the shut- 
down command is short, the PWM signal is termi- 
nated without significant discharge of the soft-start 
capacitor, thus, allowing, for example, a convenient 
implementation of pulse-by-pulse current limiting. 
Holding Pin 10 high for a longer duration, however, 
will ultimately discharge this external capacitor, re- 
cycling slow turn-on upon release. 


Pin 10 should not be left floating as noise pickup 
could conceivably interrupt normal operation. 
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Figure 6 : SG1525A Oscillator Schematic. 
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Figure 8. 


TO OUTPUT 
FILTER 


S- 641711 


For single-ended supplies, the driver outputs are 
grounded. The Vc terminal is switched to ground by 
the totem-pole source transistors on alternate oscil- 
lator cycles. 


Figure 10. 


Figure 9. 


In conventional push-pull bipolar designs, forward 
base drive is controlled by Ri - R3. Rapid turn-off 
times for the power devices are achieved with 
speed-up capacitors C1 and Co. 


Figure 11. 


The low source impedance of the output drivers pro- 
vides rapid charging of Power Mos input capaci- 


tance while minimizing external components. 


Low power transformers can be driven directly by 
the SG1525A. Automatic reset occurs during dead 
time, when both ends of the primary winding are 
switched to ground. 
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SGS-THOMSON 
NICROELECTROMICS TDA8133 


ky 


5.1V + 8.5V REGULATOR WITH DISABLE AND RESET 


ADVANCE DATA 


s OUTPUT CURRENTS UP TO 1A 

= FIXED PRECISION OUTPUT 1 VOLTAGE 5.1V 
+ 2% 

s FIXED PRECISION OUTPUT 2 VOLTAGE 8.5V 
+ 2% 

» OUTPUT 1 WITH RESET FACILITY 

» OUTPUT 2 WITH DISABLE BY TTL INPUT 

» SHORT CIRCUIT PROTECTION AT BOTH 
OUTPUTS 

» THERMAL PROTECTION 

a LOW DROP OUTPUT VOLTAGE 

HEPTAWATT 
DESCRIPTION 


The TDA8133 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages of 5.1V and 8.5V at currents up to 1A. 


An internal reset circuit generates a delayed reset 
pulse when the output 1 decreases below the regu- 
lated voltage value. 

Output 2 can be disabled by TTL input. 

Short circuit and thermal protections are included. 


ORDER CODE : TDA8133 


BLOCK DIAGRAM 


DELAY 
CAPACITOR 


E89TDA8133-01 
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TDA8133 


PIN CONNECTION (top view) 


OUTPUT 1 


Tab connected to pin 4. 


E89TDA8133-02 


ABSOLUTE MAXIMUM RATINGS 


OO input Votage Pin 
Disable Input Voltage Pin 3 
Mose | Output Gurents—SSSSCSCS~S~S~S*~S~S~SST ly ite 
TP, | Power Dissipation SSS tray Lites 


THERMAL DATA 


Maximum Thermal Resistance Junction-case 


af scs-THOMSON 


MICROELECTRONICS 


TDA8133 


ELECTRICAL CHARACTERISTICS (Vy = 7V ; T; = 25°C unless otherwise specified) 


Symbot [Parameter | Test Gonaitions | win. | Typ. | Max. | Unit 
[Vor | Ouiputvotage ——~«dims stoma ——SS«dC | | se | 
re a CO a ee 


Output Voltage V < Vins < 14V ee aessiiege merlin 
10.5V < Vino < 18V 
Vior,2 | Dropout Voltage loi, 2 = 750A ees Dee ec 
wee ee 
Line Regulation 7V < Vin1 < 14V 


10.5V < Vine < 18V 
Voa2tt Line Regulation loro =200mA 


a 


Quiescent Current lor = 10MA 2 mA 
Output 2 Disabled 


Reset Pulse Delay at pin 5 2 = OnE 25 ms 
(see note 1) 
Saturation Volt. at pin 5 in Is =5mA 0.4 V 
Reset Condition 
Leakage Current at pin 5 in Vs =10V 
Normal Condition 
Output Voltage Thermal Drift aoe Beat Ba ppm/°C 
lot,280 | Short Circ. Output Current | Vins = 7V ; Ving = 10.5V [xeriA7 oe 


Vin1, 2 = 18V 0.7 
(see note 2) 
VDISH Disable Volt. at Pin 3 High 
(out 2 active) 
VDISL Disable Volt. at Pin 3 Low 
(out 2 disabled) 
Ips | Disable bias Current at Pin 3 OV < |OoV<Vois<7V Cid <7V too |_| 2 | ya | 


Tjsq Junction Temp. for Thermal 
Shut Down 


Notes: 1. If the output voltage OUT 1 goes below 4.85V (VOUT — 0.25V) the comparator "a" (see fig. 1) discharges rapidly the capacitor Ce 
and the Reset output (pin 5) goes at once LOW. 
When the voltage at the OUT 1 rises above 4.9V, the voltage at pin 2 increases with this law : 


ti= ee ea (see fig. 2) 


10pA 
as V2 reach 2.5V the Reset output (pin 5) goes HIGH again To avoid glitches in the Reset output the second comparator "b" has a 
large hysteresis (1.9V). 
2. The output short circuit currents are tested one channel at time 
During a short circuit a large consomption of power occurs, anyway the thermal protection circuit guarantees the temperature not 
overcomes high value. 
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TDA8133 


Figure 1. 


Figure 2. 


CIRCUIT DESCRIPTION 


The TDA8133 is a dual voltage regulator with Reset 
and Disable. 


The two regulation parts are supplied from one volt- 
age reference circuit trimmed by zener zap during 
EWS test. 


The outputs stage have been realized in darlington 
configuration with a drop typical 1.2V. 


2.5V 0.6V 


E89TDA8133-03 


[A vouT Low 


E89TDA8133-04 


The disable circuit, switch-off the output 2 if a volt- 
age lower than 0.8V is applied at pin 3. 


The Reset circuit controls the voltage at the output 
1, if this one decrease below 4.85V provides to ge- 
nerate a reset pulse at pin 5 (open collector) with a 
certain delay depending by an external capacitor 
connected at pin 2. 
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TDA8133 


PACKAGE MACHANICAL DATA 
HEPTAWATT — PLASTIC PACKAGE 


16.97 
14.92 


N 1.20t01.35 
LE) ett | 
2.41028 21.54 
% 


0.35 to0.55 


0.6to0.8 


10.05 to10. 4 


|2.6to3.0 
1.29™* 60 to66 P023-A71 


15.1 to 15.8 
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5V + 12V REGULATOR WITH DISABLE 


ADVANCE DATA 


» OUTPUT CURRENTS UP TO 600mA 

a FIXED PRECISION OUTPUT 1 VOLTAGE 5V 
+ 2% 

a FIXED PRECISION OUTPUT 2 VOLTAGE 12V 
+ 2% 

a» OUTPUT 2 VOLTAGE DISABLED BY A TTL IN- 
PUT 

» SHORT CIRCUIT PROTECTION AT BOTH 
OUTPUTS 

a THERMAL PROTECTION 

a LOW DROP OUT 1.5V AT 400mA 

a» HIGH SUPPLY VOLTAGE REJECTION 


HEPTAW 
DESCRIPTION ee 


The TDA8134 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages, 5V + 12V at currents up to 600mA. ORDER CODE : TDA8134 


Output 2 can be disabled by a TTL input. Both out- 
put currents are limited by an internal short circuit 
protection. 


BLOCK DIAGRAM 


THERMAL 
PROTECT 


O DISABLE 
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TDA8134 


PIN CONNECTION (top view) 


INPUT 1 


E89TDA8134-02 


ABSOLUTE MAXIMUM RATINGS 


50 input Voages 
Miot.e | Oust Gurents ty wd | 
a 


a bts 3 Power Dissipation Internally Limited 
Storage Temperature —~ 65 to + 150 
Junction Temperature 0 to + 150 


THERMAL DATA 


Maximum Thermal Resistance Junction-case 
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TDA8134 


ELECTRICAL CHARACTERISTICS (Vin; = 7V ; Vino = 14V ; Vois = 2.5V ; lor, 2 = 0; T, = 25°C 
unless otherwise specified) 


[Symbol [Parameter —~| Test Conditions | win. | Typ. | Wax. | Unit | 
[Vor [OupitvotageatPn? | ——SsSs—~—<—~—“— A Ps | PV 
[Yor oupervtage ats [re |e nat |v 


Quiescent Current Vine = Vois =0 2 mA 
loi = jon (see fig. 7 


iter [ben Oavetge Pian esoima [Pa |v 
as 


AVoiLt! Line Regulation 1 7V < Vini < 14V mV 
lo1 = 200MA 

AVoot Line Regulation 2 14V < Vino < 18V 120 mV 
a = 200mA 


Short Circuit Current 1 14V < Vin; < 18V rs ae ee 
Short Circuit Current 2 14V < Vine < 18V pf BL A 
Bias Current at Pin 3 Vois = 5.3V ap 
SVR; Supply Voltage Rejection 1 Vint = OV + 1Vpp SIN 
(see note 1) f = 120Hz 
SVRo2 Vine = 16Vpc + 1Vpp SIN 
f = 120Hz 
loo = 200mA 
Tusp Thermal Shut-down Junction 
Temperature 
Note 1 : SVR supply voltage rejection : 
Vin ac 


Supply Voltage Rejection 
(see note 1) 


lo, = 200mA 
Quiescent Current Vint = Vine =14Vpc mA 
loi = loo = 200mA 


20.LOG 


Vo ac 


where : 
- Vin ac is the value of the sinusoidal signal forced at the input. (120Hz, 1Vpp) 
- Voacis the peak-peak ripple voltage present at the output 
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TDA8134 


Figure 1: Test Specification. 


E89TDA8134-03 


CIRCUIT DESCRIPTION 


The TDA8134 is a dual voltage regulator with disable. connected at pin 1 (Vini), the regulator 2 will not 


The two regulation parts are supplied from one vol. WO"K the pin 1 ts not supplied. 


tage reference circuit, trimmed by zener zap during It is possible switch-off the output voltage 2 (Voz) ap- 
EWS test. Since the supply voltage of this lastis pling at pin 3 (disable input) a low TTL level. 
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TDA8134 


PACKAGE MECHANICAL DATA 
HEPTAWATT — PLASTIC PACKAGE 


| 10.4™9* | 


0.6to0.8 


10.05 to10.4 


Lage P023-A7/ 


15.1 to 15.8 
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SV + ADJUSTABLE VOLTAGE REGULATOR WITH DISABLE 


ADVANCE DATA 


a» OUTPUT CURRENTS UP TO 600mA 

a FIXED PRECISION OUTPUT 1 VOLTAGE 5V 
+ 3% 

a OUTPUT 2 - VOLTAGE PROGRAMMABLE 
FROM 5V TO 14V 

a OUTPUT 2 VOLTAGE DISABLED BY A TTL IN- 
PUT 

a SHORT CIRCUIT PROTECTION AT BOTH 
OUTPUTS 

a» THERMAL PROTECTION 

a LOW DROP OUT 1.5V AT 400mA 

a» HIGH SUPPLY VOLTAGE REJECTION HEPTAWATT 


DESCRIPTION 


The TDA8135 is a monolithic dual positive voltage 
regulator designed to provide precision output vol- 


tages, 5V + adjustable outputs at currents up to 
600mA. ORDER CODE : TDA8135 


Output 2 can be disabled by a TTL input. Both out- 
put currents are limited by an internal short circuit 
protection. 


BLOCK DIAGRAM 


PROTECT 


O DISABLE 


E89TDA8135-01 
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PIN CONNECTIONS 


OUTPUT1 


INPUT 1 


E89TDA8135-02 


ABSOLUTE MAXIMUM RATINGS 


symbol] Parameter | Vale Unit 
Disable Input Voltage Pin 3 
Fios.2 | OutputCurents SSSCS~*~—CSCSCSC~SSCCtermally Limite 
| _P:_| Power Dissipation | Internaly Limited | 


THERMAL DATA 


Maximum Thermal Resistance Junction-case 
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ELECTRICAL CHARACTERISTICS (Vini = 7V ; Vine = Voo2 + 2V ; Vois = 2.5V ; lor,2 = 0; T, = 25°C 
unless otherwise specified) 


Symbol Test Conditions . 
:__| Output Voltage atPin? = | 
2 Output Voltage at Pin 6 Adjustable a ee eae ae 
1 


lo1 = 10mMA (see fig. 1) 
[toa | Quiescent Current —~| lop = 10mA_(see fig. 1) 


AVoitLi Line Regulation 7V <Vini < 14V 
lox = 200mMA 


AVo2ti Line Regulation 12V < Vine < 20V 
loo =200MA_ = Voo = 10V 


S4 
= 
Zz 
Tavone | ead Reguiaion | o<lor<e0oma | Sidi 
os 
as 
a 
ee 
ae 
od 
=a | 


AVoe2L_o | Load Regulation 0 <Io2 < 600MA 
Voo = 10V 


[Vos | Disable VotageHicH apne] 
[Vois: | Disable Votage LOW at Png | 
TVenoa | Reference Votage atin [SS 
Vos = 0.4V 


SVR, Supply Voltage Rejection 1 Vin1 = 9Vpc + 1Vpp SIN 
(see note 1) f = 120Hz 
SVR2 
loz =200mA 


lo1 = 200mMA 
Tysp Thermal Shut-down Junction 145 oC 
Temperature 


ae ee a 


Supply Voltage Rejection 
(see note 1) 


Vine = 16Vpc + 1Vpp SIN 
= 120Hz 


Note 1: 
SVR supply voltage rejection 
Vin ac 
20.LOG. | 
Vo ac 
where : 


- Vin ac IS the value of the sinusoidal signal forced at the input. (120Hz, 1Vpp) 
- Vo ac iS the peak-peak ripple voltage present at the output 
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TEST SPECIFICATION 


E89TDA8135-03 


CIRCUIT DESCRIPTION 
The TDA8135 is a dual voltage regulator with disa- It is possible switch-off the output voltage 2 (Voz) 


ble. appling at pin 3 (disable input) a low TTL level. 
The two regulation parts are supplied from one volt- Ri+R2 

age reference circuit, trimmed by zener zap during § Vo2 = VpROG 

EWS test. Since the supply voltage of this last is R1 


connected at pin 1 (Vin1), the regulator 2 will not 
work if the pin 1 is not supplied. 


ae sas-THOMSON 
7 MICROELECTRONICS 
788 


TDA8135 


PACKAGE MECHANICAL DATA 
HEPTAWATT — PLASTIC PACKAGE 


| 10.4™ax | 


0.6to0.8 


10.05 to10.4 


ae 2.6to03.0 
1.29 60 to66 p023-A7/ 


15.1 to 15.8 
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DUAL 12V REGULATOR WITH DISABLE 


ADVANCE DATA 


s OUTPUT CURRENTS UP TO 600mA 

a» FIXED PRECISION OUTPUT 1 VOLTAGE 12V 
+ 2% 

a» FIXED PRECISION OUTPUT 2 VOLTAGE 12V 
+ 2% 

a OUTPUT 2 VOLTAGE DISABLED BY A TTL 
INPUT 

a SHORT CIRCUIT PROTECTION AT BOTH 
OUTPUTS 

a THERMAL PROTECTION 

a LOW DROP OUT 1.5V AT 400mA 

» HIGH SUPPLY VOLTAGE REJECTION 


DESCRIPTION 


The TDA8136 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages, both 12V at currents up to 600mA. 


Output 2 can be disabled by a TTL input. Both out- 
put currents are limited by an internal short circuit 
protection. 


HEPTAWATT 


ORDER CODE : TDA8136 


BLOCK DIAGRAM 


REGULATOR 
O O 
1 
REGULATOR A 
2 


e 
DI 


REFERENCE 
VOLTAGE 
THERMAL 

PROTECTION 


3 
O 
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TDA8136 


PIN CONNECTION (top view) 


OUTPUT1 
OUTPUT 2 
NC 

GROUND 


DISABLE 
INPUT 2 
INPUT 1 


$-8670 


Tab connected to pin 4. 


E89TDA8136-02 


ABSOLUTE MAXIMUM RATINGS 


Parameter [Vee Unit 
DO Input Votages 
iors [Output Gunes SSSCSCS~S~S*d tray ited 
TP, | Power Dissipation SSS tray ites | 


THERMAL DATA 


Maximum Thermal Resistance Junction-case 
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TDA8136 


ELECTRICAL CHARACTERISTICS 
(Vint.2 = 14V ; Vois = 2.5V ; lor, 2 = 0; Tj = 25°C unless otherwise specified) 


symbol | Parameter | Test Conditions | win. | Typ. | Max. | Unit | 
i ia ee ae ae 
[Yor [ouput vets ath [Pre [ae Pat |v 


Quiescent Current Vino = — = 
lot eer (see a 1) 


| tz | Quiescent Current | loz = 10mA__ (see fig. 1) 
Drop Out Voltage 1 lor = 400mA oon ea 
Drop Out Voltage 2 loz = 400mA a 


AVoiti | Line Regulation 1 14V < Vin1 < 18V 120 
lot = 200mA 

AVoott Line Regulation 2 14V < Vino < 18V 
com = 200mA 


Load eeotalen 1 O< fO<lo1<600mA sd < 600mA 


ee ae a 

er ae CoP Ree SaaS tr 
Toa [ Disable Votope HIGH et Ana[ 
vos, | sabe votage Low arping [a8 |v 
[ion | Bias Current at Pins ‘| Vos=sav—S~iSSSid it 
ins. [is Grentatpns [Vow =a an Pa 


SVR, Supply Voltage Rejection 1 Vind = fens + 1Vpp SIN 
(see note 1) f = 120Hz 
loi = 200mA 
SVR2 Supply Voltage Rejection Ving = 16Vpc + 1Vpp SIN 


f = 120Hz 


50 
lo2 = 200mMA 


| la | Quiescent Current. | tor =toz=200mA || Tm 


Tusp Thermal Shut-down Junction 145 °C 
Temperature 


Note 1 :SVR supply voltage rejection 


V 
20.L0G.|__"’* 


Vo ac 


(see note 1) 


where : 
- Vinac is the value of the sinusoidal signal forced at the input. (120Hz, 1Vep) 
- Voac is the peak-peak ripple voltage present at the output. 
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TDA8136 


TYPICAL APPLICATION CIRCUIT 


C1 + C4 = 10nF 


O DISABLE 


E89TDA8136-03 


CIRCUIT DESCRIPTION 
The TDA8136 is a dual voltage regulator with connected at pin 1 (Vini), the regulator 2 will not 
disable. work if the pin 1 is not supplied. 


ee ee Itis possible switch-off the output voltage 2 (Voz) ap- 
EWS test. Since the supply voltage of this last is By Se DIO (lean inpul a tow. TTEIevel 


Figure 1 : Test Circuit. 
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TDA8136 


PACKAGE MECHANICAL DATA 
HEPTAWATT — PLASTIC PACKAGE 


| 10.4™2* | 


0.6to0.8 


10.05 to10.4 


2.41t02.67 12.6to3.0 
491t05.21 1.297% eofaee poz3-A7 


15.1 to 15.8 
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DUAL 5.1V REGULATOR WITH DISABLE AND RESET 


ADVANCE DATA 


» OUTPUT CURRENTS UP TO 1A 

a» FIXED PRECISION OUTPUT VOLTAGES 5.1V 
+ 2% 

a» OUTPUT 1 WITH RESET FACILITY 

a OUTPUT 2 WITH DISABLE BY TTL INPUT 

a SHORT CIRCUIT PROTECTION AT BOTH 
OUTPUTS 

a THERMAL PROTECTION 

a LOW DROP OUTPUT VOLTAGE 


DESCRIPTION HEPTAWATT 


The TDA8137 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages of 5.1V at currents up to 1A. ORDER CODE : TDA8137 
An internal reset circuit generates a delayed reset 
pulse when the output 1 decrease below the requ- 
lated voltage value. 

Output 2 can be disabled by TTL input. 


Short circuit and thermal protections are included. 


BLOCK DIAGRAM 


: DISABLE OUT 2 7 


4 
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TDA8137 


PIN CONNECTION (top view) 


OUTPUT1 


E89TDA8137-02 


ABSOLUTE MAXIMUM RATINGS 


20 
20 


DC Input Voltage Pin 1 


| Unit 
ae ae ee 
Disable Input Voltage Pin 3 a ee 
| Vast | Output Voltage atPin5 
| lor.2 | OutputCurrents | Internatty Limited | 

Ps 


PS Pe Power Dissipation Internally Limited 
Storage Temperature — 65 to + 150 
Junction Temperature 0 to + 150 


THERMAL DATA 


Maximum Thermal Resistance Junction-case 


2/6 
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>| | sichor se recnes 


TDA8137 


ELECTRICAL CHARACTERISTICS (Vi = 7V ; Tj = 25°C unless otherwise specified) 


[Symbol | Parameter || Test Gonaitions | Min. | Typ. | Max. [ Unit 


7V < Vin < 14V 4.9 5.3 V 
5mA < lo < 750mA 
Vior,2 | Dropout Voltage lor,2 = 750MA ee eee es or ee 
5) ea AS A NO 


A Voi, 2t1 | Line Regulation 7V < Vin < 14V 50 mV 
lo1,2 = 200mA 


Load Regulation SMA < lo1,2 < 0.6A | {400 | omv | 


Quiescent Current lo1 = 10mMA 2 mA 
Output 2 Disabled 


| Varn | Reset Threshold Hysteresis | (see note 1) | 20 | | 75 | mv 


tro Reset Pulse Delay’at Pin 5 C. = 100nF 25 ms 
(see note 1) 
Vac Saturation Volt. at Pin 5 in ls =5mA 
Reset Condition 
leu Leakage Current at Pin 5 in Vs = 10V 
Normal Condition 


6 
renee AVo .10 


AT .Vo 
T, =0 to + 125°C 


Cr 
00 | 


Vin = 18V 
(see note 2) 
VbIsH Disable Volt. at Pin 3 High 
(out 2 active) 
VoIsL Disable Volt. at Pin 3 Low 
(out 2 disabled) 


Disable Bias Current at Pin3 | OV <Vpis < 7V 


Tjsd Junction Temp. for Thermal 145 ey 
Shut Down 


Notes: 1. Ifthe output voltage OUT 1 goes below 4.85V (Vour - 0.25V) the comparator "a" (see fig. 1) discharge rapidly the capacitor Ce and 
the Reset output (pin 5) goes at once LOW. 
When the voltage at the OUT 1 rises above 4.9V, the voltage at pin 2 increases with this law : 
Ce .2.5V 
y= ——=———_—>s_ (See fig. 2) 
10uA 
as V2 reach 2.5V the Reset output (pin 5) goes HIGH again. To avoid glitches in the Reset output the second comparator "b" has a 
large hysteresis (1.9V). 
2. The output short circuit currents are tested one channel at time. 
During a short circuit a large consumption of power occurs, anyway the thermal protection circuit guarantees the temperature not 
overcomes high value. 
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Figure 1. 
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Figure 2. 


| 


[A VOUT Low 


L 
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4.9V 
4.85V 
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TYPICAL APPLICATION CIRCUIT 


C1+C3 = 10uF 


CIRCUIT DESCRIPTION 


The TDA8137 is a dual voltage regulator with Reset 
and Disable. 

The two regulation parts are supplied from one volt- 
age reference circuit trimmed by zener zap during 
EWS test. 

The outputs stage have been realized in darlington 
configuration with a drop typical 1.2V. 


TDA8137 


E89TDA8137-05 


The disable circuit, switch-off the output 2 if a volt- 
age lower than 0.8V is applied at pin 3. 

The Reset circuit controls the voltage at the output 
1, if this one decrease below 4.85V provides to ge- 
nerate a reset pulse at pin 5 (open collector) with a 
certain delay depending by an external capacitor 
connected at pin 2. 
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TDA8137 


PACKAGE MECHANICAL DATA 
HEPTAWATT — PLASTIC PACKAGE 


16.97 
14.92 


1.20to1.35 


tay 
24028 24.54 | =a 
22.62 10.4 


0.6+00.8 


10.05to10.4 


4.91 to5.21 1,297 60 to6.6 PO023-A7/ 


7.49 to 7.80 
15.1 to 15.8 
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DEDICATED VIDEO PRODUCTS 
5.1V + 12V REGULATOR WITH DISABLE AND RESET 


ADVANCE DATA 


a» OUTPUT CURRENTS UP TO 1A 

a FIXED PRECISION OUTPUT 1 VOLTAGE 5.1V 
+ 2% 

» FIXED PRECISION OUTPUT 2 VOLTAGE 12V 
+ 2% 

» OUTPUT 1 WITH RESET FACILITY 

a OUTPUT 2 WITH DISABLE BY TTL INPUT 

» SHORT-CIRCUIT PROTECTION AT BOTH 
OUTPUTS 

a» THERMAL PROTECTION HEPTAWATT 

a LOW DROPOUT VOLTAGE 

» AVAILABLE ALSO IN HEPTAWATT PACKAGE ORDER CODE : TDA8138 
(but without reset facility) 


DESCRIPTION 


The TDA8138 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages of 5.1V and 12V at currents up to 1A. 

An internal reset circuit generates a delayed reset 
pulse when the output 1 falls below the regulated 
voltage value. 

Output 2 can be disabled by TTL input. ORDER CODE : TDA8138S 


Short-circuit and thermal protections are included. 


BLOCK DIAGRAM 


SIP-9 Package 
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TDA8138 


PIN CONNECTIONS 


HEPTAWATT 


IN 1 

IN 2 

DEL CAP 
DISABLE 
GND 
RESET 
NC 


INPUT 4 


Tab. connected to pin 5 Tab. connected to pin 4 


E89TDA8138-02 


ABSOLUTE MAXIMUM RATINGS 


J 


Disable Input Voltage Pin 3 (HEPTAWATT) or Pin 4 (SIP-9) 
For. | Ouputcurenis Sd yi 
| P| PowerDissipation | Interally Limited | 


THERMAL DATA 


Rthy-c) | Maximum Thermal Resistance Junction-case for Sip-9 
for Heptawatt 


Maximum Thermal Resistance Junction-ambient for Sip-9 
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TDA8138 


ELECTRICAL CHARACTERISTICS (Vin; = 7V ; Vino = 14V ; Tj = 25°C ; unless otherwise specified) 


[Symbol [Parameter | Test Conditions | Min. | Typ. | Max. | Unit | 
[Vor | Output Votage —‘(los= toma ——SSS~i | te | tena | 


Voo Output Voltage 14 < Vino < 18 11.5 12.5 V 
5mA < loi, 2 < 750MA 


ee ee 
Cm 


Line Regulation 


Vo1, 2u1 
14V < Vino < 18V 
low, 2 =200mA 


Vo1,2L0 | Load Regulation 5mA <I!o01 < 0.6A 100 mV 
5mA < loz <0.6A 250 mV 
Quiescent Current lo1 = 10MA 2 mA 
Output 2 Disabled 


Voinst | Reset Threshold Voltage (K =Vos) 
o | 75 | mv 
e 


VeatTH Reset Threshold Hysteresis 20 


3 


EE, 


0.4 


trp 
VaL 
IRH 


5 
25 
10 


| 
—_ 
° 
ro) 
a 

Ae) 

no) 

3 

— 

oO 

?) 


(see fig. 2) 


Leakage Current at Pin 6 in Vs = 10V 
Normal Condition 
VbISH Disable Volt. High 2 V 
(out 2 active) 
Tysd Junction Temp. for Thermal 
the Reset output (pin 6) goes at once LOW. 
10/1A 
2. The output short circuit currents are tested one channel at a time. 


Reset Pulse Delay at Pin 6 C,. = 100nF (see note 1) 
Saturation Volt. at Pin 6 in Is =5mA 
Reset Condition 
lo1, 2SC Short Circ. Output Current Vin1 =7V_ Vino = 14V 
Vini, 2 = 18V (see note 2) 
VbISsL Disable Volt. Low 
(out 2 disabled) 
Ibis Disable Bias Current OV < Vpis < 7V 
145 °C 
Shut Down 
Notes: 1. Ifthe output voltage OUT 1 goes below 4.85V (Vout - 0.25V) the comparator "a" (see fig 1) discharges rapidly the capacitor Ce and 
When the voltage at the OUT 1 rises above 4.9V, the voltage at pin 3 increases with this law : 
Ce .2.5V 
as V2 reach 2.5V the Reset output (pin 6) goes HIGH again.To avoid glitches in the Reset output the second comparator "b" has a 
large hysteresis (1.9V). 
During a short circuit a large consumption of power occurs, anyway the thermal protection circuit guarantees the temperature not 
overcomes high value. 
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Figure 1. 


SIP-9 Package 


Figure 2. 
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CIRCUIT DESCRIPTION 


The TDA8138 is a dual voltage regulator with Reset 
and Diasable. 


The two regulation parts are supplied from one volt- 
age reference circuit trimmed by zener zap during 
EWS test. 

The output stages have been realized in darlington 
configuration with a drop typical 1.2V. 


The disable circuit, switch-off the output 2 if a vol- 


2.5V 0.6V 


tage lower than 0.8V is applied at pin 3 (HEPTA- 
WATT) or pin 4 (SIP-9). 

The Reset circuit controls the voltage at the output 
1, if this one decrease below 4.85V provides to ge- 
nerate a reset pulse at pin 6 (open collector) with a 
certain delay depending by an external capacitor 
connected at pin 3. 
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PACKAGE MECHANICAL DATA 
HEPTAWATT — PLASTIC PACKAGE 


0.6to0.8 


2.41t0o2.67 


\2.6to3.0 


12g 6006.6 


© 
v 
ch 
N 
= 

E 

= 
se) 


avy 


0. 85-1.60 


my 


15.1 to 15.8 


20. 32 
23.0 0r24.8 2% 
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5.1V AND ADJUSTABLE VOLTAGE REGULATOR 
WITH DISABLE AND RESET 


ADVANCE DATA 


a OUTPUT CURRENTS UP TO 1A 

a FIXED PRECISION OUTPUT 1 VOLTAGE 5.1V 
+ 2% 

» OUTPUT 2 VOLTAGE PROGRAMMABLE 
FROM 2.5 TO 16V 

a OUTPUT 1 WITH RESET FACILITY 

a OUTPUT 2 WITH DISABLE BY TTL INPUT 

a SHORT CIRCUIT PROTECTION AT BOTH 
OUTPUTS 

=» THERMAL PROTECTION 

a» LOW DROP OUTPUT VOLTAGE 


DESCRIPTION 

The TDA8139 is a monolithic dual positive voltage 
regulator designed to provide precision output vol- 
tages of 5.1V and adjustable at currents up to 1A. 
An internal reset circuit generates a delayed reset 
pulse when the output 1 decreases below the regu- ORDER CODE : TDA8139 
lated voltage value. 

Output 2 can be disabled by TTL input. 

Short circuit and thermal protections are included. 


BLOCK DIAGRAM 


DELAY 
CAPACITOR 
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TDA8139 


PIN CONNECTION (top view) 


DEL CAP. 
DISABLE 


GND 

RESET 
PROGRAMM 
OUT 2 

OUT 1 


E89TDA8139-02 


ABSOLUTE MAXIMUM RATINGS 


| Vw [DC inputVotagePint,2 0 

| Vois_| Disable Input Voltage Pind | 
| Vast | OutputVolageatPiné 
| lore | OutputCurents | Intermally Limited | 
| Pr | Power Dissipation Internally Limited | 


THERMAL DATA 


Maximum Thermal Resistance Junction-case a eo 
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TDA8139 


ELECTRICAL CHARACTERISTICS ( Viy = 7V ; T; = 25°C unless otherwise specified) 


vor [OuptVotage [lrstma | 
| Voe | Output Voltage | top =10mA | || tT 
lo1,2=1A (eee re ee 

7V <Vini < 14V 


Vor 
Voe2 
i 
Line Regulation 12V < Vino < 18V @ Voo : 10V 
lo1,2 =200mA 


SMA <lo1,2 < 0.6A pL t00 | mv 
@ Voa = 10V | | 200 | mv 


Quiescent Current loi = 10mMA 2 mA 
Output 2 Disabled 


5 ms 
( 


trp Reset Pulse Delay at Pin 6 Ce = 100nNF 2 
see note 1) 
Vat Saturation Volt. at Pin 6 in ls =5mA 0.4 V 
Reset Condition 
IRy Leakage Current at Pin 5 in Vs =10V 10 LA 
Normal Condition 
Output Volt. Thermal Drift | CidEC T1000 «|_| ppm 
Short Circ. Quput Current = | Vw=7V | Tt A 


Vin = 18V 0.7 A 
(see note 2) 
Voisu | Disable Volt. at Pin 4 High 2 V 
(out 2 active) 
VoIsL Disable Volt. at Pin 4 Low V 
(out 2 disabled) 
Disable Bias Current at Pin4 | OV < Vows <7V roto0 || 2 | wa 
Eee Id 


Tjsa | Junction Temp. for Thermal 145 °C 
Shut Down 


Notes : 1. Ifthe output voltage OUT 1 goes below 4 85V (Vour - 0.25V) the comparator "a" (see fig 1) discharges rapidly the capacitor Ce and 
the Reset output (pin 5) goes at once LOW. 
When the voltage at the OUT 1 rises above 4.9V, the voltage at pin 2 increases with this law ; 
ty = gene (see fig. 2) 
10uA 
as V2 reach 2.5V the Reset output (pin 5) goes HIGH again. To avoid glitches in the Reset output the second comparator "b" has a 
large hysteresis (1.9V). 
2. The output short circuit currents are tested one channel at time. 
During a short circuit a large consumption of power occurs, anyway the thermal protection circuit guarantees the temperature not 
overcomes high value. 
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Figure 1. 
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Figure 2. 
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TYPICAL APPLICATION CIRCUIT 


C1+C2 = 10uF 


CIRCUIT DESCRIPTION 


The TDA8139 is a dual voltage regulator with Reset 
and Disable. 


The two regulation parts are supplied from one vol- 
tage reference circuit trimmed by zener zap during 
EWS test. 


The outputs stage have been realized in darlington 
configuration with a drop typical 1.2V. 


2 5 4 7 
ae] [ 
O 


© 
DISABLE 


TDA8139 


Ri + Re 
Ri 
typ. val R1 = 2.2KQ 


Voo = Veet ° 


E89TDA8139-05 


The disable circuit, switch-off the output 2 if a vol- 
tage lower than 0.8V is applied at pin 4. 

The Reset circuit controls the voltage at the output 
1, if this one decrease below 4.85V provides to ge- 
nerate a reset pulse at pin 6 (open collector) with a 
certain delay depending by an external capacitor 
connected at pin 3. 
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PACKAGE MECHANICAL DATA 
9 PINS — PLASTIC SIP 


© 
° 
™ 
N 
£ 

E 

= 
o 


0. 85-1.60 


20. 32 
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POWER SINGLE OPERATIONAL AMPLIFIER 


» OUTPUT CURRENT UP TO 500 mA 

m OFFSET VOLTAGE NULL CAPABILITY 

a» SHORT-CIRCUIT PROTECTION 

a» THERMAL OVERLOAD PROTECTION 

u» PLASTIC PACKAGE FOR EASY ASSEMBLY 


DESCRIPTION 


The TDB791 Ois an internally compensated medium 
power operational amplifier intended for use in 
those applications requiring load currents of several 
hundred milliamperes. Applications include servo 
amplifiers, driver interfaces, precision power com- 
parators and motor speed control. 

The amplifier is designed to operate from a single 
or dual power supplies and the input common-mode 
range includes the negative supply if balance inputs 
are tied to the negative supply. 


The TDB7910 is thermal overload and short-circuit 
protected. 


PIN CONNECTIONS (top view) 


(Plastic Package) 


ORDER CODES 


Part Temperature Package 


Number Range 


TDB7910 0 °C to +70 °C Led 


Example : TDB7910N 


DIP16 


1 
1 -Vec s 
2-Voc 3 
3-NC 4 
4-Voc 
5-Vec 
6 - Output 6 
7- Véc 7 
8 - Current limiting 

8 


December 1988 


9 - Compensation 


14 10 - Inverting input 

13 11 - Non-inverting input 
1a2Vee 

ni 14 - Balance 

10 15 - Balance 


16 - Compensation 


E88TDB7910-06 
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TDB7910 


SCHEMATIC DIAGRAM 


E88TDB7910-01 


Non- . 
jesse | wae | ne | vee [cums ft iar] put 
Tyee 
DIP16 4,5 3 7 9,16 11 10 1 
12,13 
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ABSOLUTE MAXIMUM RATINGS 


[Symbol] Parameter | Value Unit 
| Veo | Supplyvottage TC 
Input Voltage a ees oe 
Differential Input Voltage a Te ee 
| Pror_| Power Dissipation 
Operating Free-air Temperature Range 
Storage Temperature Range 


* Under short-circuit conditions, the safe operating area and dc power dissipation limitations must be observed. 


< 


< 


Pi< 


ELECTRICAL CHARACTERISTICS 
TDB7910 :0 CT < Tamp $ + 70 °C, Voc = + 15 V (unless otherwise specified) 


rt 


a Input Offset Voltage (Rs < 10 kQ) 


+ 


I+ 
—- nN 
qo e 


yp 


j F 


Tamb =+ 25 °C 
Tmin S Tamb S Tmax 


Pi 
on 


Input Offset Current 
Tamb =+ 25 °C 
Tmin S Tamb S Tmax 


Input Bias Current 
Tamb =+ 25 °C 
Tmin S$ Tamb S$ Tmax 


Vio 
Avo Large Signal Voltage Gain 

ae 

Vi 


> 


n 


Nh 
jo) 


200 
300 


500 
800 


V/imV 
Tamb = + 25 °C (RL = 47 Q) 
Tmin S Tamb S Tmax (Ri = 2 kQ) 


loc, loc Supply Currents (no signal) 
Tamb =+ 25 gs © 
Tmin S$ Tamb S Tmax 
ME | Input Voltage Range 
Output Circuit Current 
Tamb = + 25 °C, Rgco = 1.50 
| SVR | Supply Voltage Rejection Ratio 
Common-mode Rejection Ratio 70 


Input Impedance (Tamb = + 25 °C) 


3 
> 


=) 


+ maa 
rh o1 © 
NO PO 
o1 © 


—_ 


0.5 


150 


© 
oo 


Vopp Output Voltage Swing (Rsc =0, RL = 47 Q) 
T,=+25 +1445 | +125 
Tmin & Tamb S Tmax + 10 


SVR 
CMR 
Z| 
Offset Voltage Adjustment Range 
Slew Rate (RL = 47 Q, Tamb = + 25 °C, Av =1) 
Small Signal Bandwidth (Cc = 0, Tamb = + 25 °C) Pf tf Mz 
| RTH | ThermalResistance | | 


= 
S) 


3 = 
= <= S P>i< 


I+ 
— 
on 
f 
” 
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BASIC DIAGRAM 


E88TDB7910-02 


INPUT BIAS CURRENT InA) 
INPUT OFFSET CURRENT (nA) 


JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 


E88TDB7910-03 E88TDB7910-04 


SHORT-CIRCUIT CURRENT 
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PACKAGE MECHANICAL DATA 
16 PINS — PLASTIC DIP 


{1} Nominal dimension 
(2) True geometrical position 
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LOW DROP-OUT 5V DUAL VOLTAGE REGULATOR 


» OUTPUT CURRENT OF BOTH REGULA- The circuit generates a reset pulse when : 


TORS : 100 mA GUARANTEED . the supply voltage is applied to the circuit and 
a INTERNAL SHORT-CIRCUIT AND THERMAL the output of the second regulator is at its no- 
PROTECTION minal value, and 
» FIRST REGULATOR OUTPUT : LOW DIS- -~ when the output of the second regulator is at 
CHARGE CURRENT its nominal value again after a shut-down on 
» SECOND REGULATOR OUTPUT : SWIT- the output of the first regulator (see figure 2 
CHED-OFF WITH ACTIVE DISCHARGE page 4). 


m RESET OUTPUT WITH ADJUSTABLE PULSE 
WIDTH 


DESCRIPTION 


The TEA5110 is a dual positive 5V voltage regula- 
tor specially designed to supply a microprocessor 
and associated circuits. 


The first regulator supplies the microprocessor in 
normal operating conditions. In standby mode, the 
regulator has avery high output impedance (current 
drain less than 1 WA) and the microprocessor may 
be powered by a battery. 


The second regulator supplies the peripherals and 
provides a halt signal to the microprocessor to turn 
it in standby mode. 


TEA5110 
BATWING DIP16 
(Plastic Package) 


PIN CONNECTIONS 


: Time constant capacitor 
: Ground 

: Ground 

: Reset output 

: Output voltage 1 


OOMONOA aA WD — 
' so) # #4 


: Input voltage 


: Output voltage 2 
* Ground 

: Ground 

. Input voltage 2 
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ABSOLUTE MAXIMUM RATINGS 


7 
[io | Output Current SSS try mites | 


THERMAL DATA 


Rthy-a)” | Junction—ambient Thermal Resistance 
Rthij-c) | Junction-case Thermal Resistance 


* The Riny-a) is measured on devices soldered on 35 um thick copper surface of 40 cma. 


BLOCK DIAGRAM 


ow input | 
" j | 
detection 


V 
7 Regulator 1 oft) 
low discharge 
| Reference Bitte current limitation : 
| | 
Viz) {14 Regulator 2 i} Vo(2) 
j active discharge 
current limitation | 
GND 
16} Vreset 
ee: ees, 
Cr 
E88TEA5110-02 
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TEA5110 


ELECTRICAL CHARACTERISTICS 
T; = + 25 © (unless otherwise specified) 


Parameter | Min. | Typ. | Max. | Unit_| 
Output Voltage (+ 7 V<s V; s+ 18 V, 0 < lo(1) < 100 mA) 


Vo1)-Vov2)} Output Voltage Difference 

+7V<sVis+18V,0¥ lois) < 100 mA, 0 < loy2) < 100 mA 50 100 mV 
Kv) +6.8V<s Vs + 18 V, loi) =50 MA 10 50 mV 
Kyii2) +68VsV, s+ 18V, loi2) =50 mA 20 50 mV 


Load Regulation 
Kvo(1) 5 MA < loc2) $ 100 mA, Vj = + 10 V 50 mV 
Kyov2) 5 MA § loy2) $ 100 mA, Vj = + 10 V 50 mV 


Quiescent Current ( +68V< V; <+18 V, laq1) = lac2) = 0) 


Short—circuit Current 
Vi=+10V,0< Voi) <s+5V 
Vi=+10V,0< Voz) <5+5V 


Minimum Dropout Voltage - (note 1) 


Line Regulation 


Isoc1) 
Iscc2) 


loi) =0 
Output 1 ng) 20 TA 

loca) =O 
Output 2 ion; SOA 


Voc1) Discharge Current (V) = 0, Vo(1) = + 5 V) 


Minimum Input Voltage to Switch on Voi2) Output (Vo1+1.4)!(Vo1+1.6)](Vo1+1.8)) = V 
(fig. 1, note 2) 
i 


Input Hysteresis to Switch off Voi2) Output (fig. 1) 
ie Minimum Vo(1) Output Voltage to Switch on Vov2) 
Voc1) Hysteresis Voltage to switch off Vovi2) (fig. 2) | 70 | mv | 


Vi(o2) Voz) Low Output Voltage (active discharge) 
V; =+10V, loy2) =—90 mA 
Vi =+ 10 V, loc2) =—10mA 


Reset Low Output Voltage (Vi = + 10 V, lreset =— 16 mA) 


Reset High Output Voltage (Vi = + 10 V, lreset = 1 mA) VowrtV{ | Vow | Vv 
Reset Pulse Duration (V; = + 10 V, Creset = 10 nF) — Note 3 


KVT Average Temperature Coefficient of Output Voltage mv/°C 
(T, =0 °C to — 70 °C) 
VR 


Ee 20F. a8 Thermal Shut Down Temperature 
S Supply Voltage Rejection Ratio 
V; =+ 12 V, AV; = 4 Vpp, lo = 10 mA, f = 100 Hz 


Notes: 1. The dropout voltage (input-output voltage difference) is measured when the output voltage has dropped 100 mV from the 
nominal value obtained at 10 V input voltage. 
Dropout voltage is dependent upon load current and junction temperature. 
2. Vor) voltage is measured at 10 V input voltage. 
3. treset (MS) = 0.8 Creset (NF). 
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TEA5110 


Figure 1 : Typical Application and Test Circuit. 


TEA 5110 


Vreset 


Ci, C2, C3 solid tantalum capacitors. 
* Required when the circuit is far from power supply capacitors. 
** Required for current limitation stability. E88TEA5110-03 


Figure 2 : Dynamic Characteristics of Vov1), Vov2), Vreset Outputs. 
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TEA5110 


PACKAGE MECHANICAL DATA 
16 PINS — PLASTIC DIP 


(1) Nominal dimension 
(2) True geometrical position 


22,44 max. 
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MICROELECTRONICS TEA7/105 
VOLTAGE REGULATOR FOR CMOS MICROPROCESSOR 
BASED SYSTEMS 


» OUTPUT CURRENT : 100 mA 

» ON-CHIP CURRENT LIMIT AND THERMAL 
PROTECTION 

a» RESET GENERATOR WITH EXTERNALLY AD- 
JUSTABLE DELAY 

» REGULATOR INPUT VOLTAGE LEVEL DE- 
TECTION SYSTEM (level adjusted externally) 

» WATCH DOG TIMER 

a» INPUT VOLTAGE FAILURE DETECTION SYS- 
TEM DELIVERS A STORE SIGNAL IN CASE OF 
INPUT VOLTAGE DISCONTINUITY 

» REGULATOR ON/OFF CONTROL SIGNAL AL- 
SO SETS THE OUTPUT TO HIGH IMPEDANCE 
STATE 


TEA7105 
BATWING DIP-16 
(Plastic Package) 


PIN CONNECTIONS 


DESCRIPTION 


The TEA7105 is a voltage regulator especially sui- 
ted to all microprocessor-based digital systems. 
Upon initial power on, the circuit delivers a RESET 
signal with programmable delay. This signal is disa- ON/OFF 
bled under three conditions : 
. When supply voltage falls below a certain thres- 
hold level adjusted externally Vi (2I 
. When output voltage falls below a preset level 
. Inthe absence of trigger pulses on WATCH DOG 
input 
The regulator features a WATCH DOG function with 
timing requirements met by a wide range of frequen- 
cies. The device detects the occurance of input volt- 
age DROP and delivers a STORE signal white- 
being powered by the energy stored in the input ca- 
pacitor. 


An ON/OFF function is provided enabling the circuit 
to be put in standby mode and also to set the regu- 
lated output to high impedance state. In this mode, E88TEA7105-01 
the power consumption is extremely low. 


Vo 


Ground 


CK 


April 1989 1/14 
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BLOCK DIAGRAM 


FAULT DETECTION ) 
s | 
REGULATION 
ON/OFF 


THERMAL 
CUT-OFF 


HALT 


RESET 


LEVEL 
DETECTOR 
TCR 


E88TEA7105-02 


ABSOLUTE MAXIMUM RATINGS 


Parameter 
Supply Voltage 
|__| CK Input Voltage 
|__| ON/OFF Input Voltage 
|__| Adj, Pin Input Voltage 
| Pror__| Power Dissipation SSSCSSC*dSnternally Limited | 
Tag | Btcage Terperahie Range eo tg] 


T stg 


THERMAL DATA 


Rth (j-a) | Maximum Junction-ambient Thermal Resistance 45 °C/W 
Rth (j-c) | Maximum Junction-case Thermal Resistance 14 °C/W 


Riny-a) is measured on packages soldered on a printed circuit board with a copper area of 20 cm*. 
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ELECTRICAL CHARACTERISTICS Tamp = + 25 °C, Viqy = Via) = + 12 V 
(unless otherwise specified) 


a 


VOLTAGE REGULATOR 


Output Voltage (+ 7 V< Vi < +36 V, 1 < Io < 100 mA) | 485 | - | 515 | ve | 
Line Regulation (+ 7 V < Vi < + 36 V, lo = 50 mA) | —- | 30 | 100 | mv | 
Load Regulation (V; = + 10 V, 5 mA < Io < 100 mA) [Oe | 8s | ane | 
Short-circuit Current (Vj =+10V,0<Vo<+5V) / = { 200 | - | ma | 


RESET FUNCTION 


[Twi Out Vonage to hahate RESET [as [as Dv 

|__| Output Voltage Hysteresis to Disable RESET | | 50 | = | mv 

| Viet) | Internal Reference for the Adj. Detection | | 2 | | OV 

Maximum Adj. Pin Current (Vag) = 0 V) Pee ee a | 

hea | or ener Gumbo eee ae 
Ve V 


High Level RESET Output (lon =— 100 pA) 


CK AND ON/OFF INPUTS 


Maximum Low Level Input Voltage 

Maximum Low Level Input Current (Vit =0 V) 
Minimum High Level Input Voltage 

Maximum High Level Input Current (Vin =+ 2.4 V) 


ALARM /STORE FUNCTION 


[Vinny | Minimum input Voltage to Activate STORE Signal ———=«Y=«S~~dY~«S7 | 64 [| Vv 
Low Level STORE STORE Output 1 = 2 mA) ee ee ee 
aE eS eT an CES BO OS 


ON/OFF FUNCTION 


l(sb) Standby Current 
V(ON/OFF) = 2.4 V 


V(ON/OFF) = 0 V 
Vo Pin Discharge Current (Voniort =0, Vo =+5 V) 
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ELECTRICAL CHARACTERISTICS (continued) 


a 


TIMING (see timing diagrams) 


ne ta ( eine = 33 nF) Note 2 


treset (CWD = 33 nF, Ca = 100 nF) Note 3 
teycle (CWD = 33 nF, Gr = 100 nF) Note 4 


Be ce eT RO GE 


Notes: 1. Thisis the period at the end of which RESET signal appears after Vour rises up and when switch S1 has been closed, this is given 


by the following relationship. 
tnt = 0.3 CR- 10°. 


2. Thisi . a maximal clock period determined by the value of CWD. 


6 
ta= 7 = us -CWD 10°. 
3. This is the time required for micorcomputer reinitialisation. 
1 6, 9 6 
leset = 77 § CWD 10° + 125 CR 10°. 


4. This is the time required by the microcomputer during a restart to generate at least one clock pulse. 


teycle = ta + treset. 
Remark : 


PIN DESCRIPTION 

Viq1) 

Input connected directly to power supply to detect 
any supply failure. 

Vi(2) 


Regulators power input. This input is separated 
from power supply through a diode. 


A decoupling capacitor is connected to this input. 
An inadequate supply voltage level is detected at 
this input. 

Adj 

In order to detect the level of V2) a resistance in- 
serted between Adj pin and Viz) and another be- 
tween Adj pin and GND are necessary. 

ON/OFF 


Logic input. A logic 1 applied to this input will cause 
the TEA7105 to become fully operational ; whereas 
a logic O will set the circuit to standby mode. 

Vo 

Power cutput to microprocessor and digital systems. 


Two different output voltage levels are detected ac- 
cording to whether the transition is from low voltage 


For more important clock period see specifiic application figure 10. 


to high voltage or the inverse (Refer to timing dia- 
gram - figure 4). 

High impedance output when the circuit is in stand- 
by mode. ’ 


Tor 


Combination of a grounded capacitor and the inter- 
nal current generator will implement the RESET si- 
gnal delay upon the initial power on. 


TCWD 


A relaxation oscillator is implemented by combining 
a grounded capacitor and the internal current gene- 
rator 


Rwp 


A resistance inserted between this pin and ground 
will cause the flow of additional charging current to 
capacitor Cwp thereby modifying the slope of the lo- 
cal oscillator and improving the choice of Cwp va- 
lues. 


Cx 


This is the WATCH DOG function input. The clock 
signal resets the ramp of the relaxation oscillator. 
The circuit is triggerred on rising edge of the clock. 
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RESET 


During the initialization, TEA7105 detects at the out- 
put Vo a voltage level Vc1 and generates a RESET 
signal (see timing diagrams - figure 5). 

The following three conditions cause RESET signal 
to be forced to zero level : 


. If the output voltage level falls below Vci by a 
hysteresis of AVci (see timing diagrams - fi- 
gure 5). 

. If no signal arrives at input CK for a minimal pe- 
riod to 20 us and maximal period equal to td (see 
timing diagrams - figure 6). 


. If the input voltage falls below the adjustable 
threshold level (see timing diagrams - figure 4). 


HALT 


Fonction and electrical characteristics are the same 
as the RESET pin. 


STORE 


If input voltage Vi(1) falls below Vc2 level, TEA7105 
will use the energy stored in the input capacitor to 
generate the STORE signal for the microprocessor 
data protection (see timing diagrams - figure 4). 


Figure 1 : Maximum Power Dissipation Versus Junction-ambient Temperature. 


Vic) 


Vi(2) 


ON/OFF 


RwD 
GND 


Ad) 


E88TEA7105-03 


COUNTER 
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TYPICAL APPLICATION 


A minimum current of 1 mA should be delivered by 
the TEA7105 for effective voltage control. This is 
why a 5 KQ resistor (or an equivalent load if a 


Figure 3 : Typical Application. 


V4 (1) 


i 
Vv 1N4142 
7.7V 10 36V 
RWD 
8 


OPERATING PRINCIPLE (see block diagram) 


Output Vo(+ 5 V) is supplied by voltage Vi(2) (7 to 
36 V). 


Input Vi(1) may be used to detect input voltage drop 
and to generate a STORE signal. 


Warning signals HALT and RESET are generated 
when : 
= the circuit is being powered, for a time tinit, 


backup battery is used) shall be connected between 
Vo and the ground. 


TO MICROPROCESSOR 


E88TEA7105-05 


a the level detector detects insufficient voltage 
across power supply Vi(2), 

« voltage Vo drops below a given threshold, 

u the watch dog detects that pulses are no more 
generated by the microcomputer when running a 
program. 


The thermal protection device may produce a high 


impedance at the voltage regulator output. 
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The impedance of the complete circuit becomes 
high when Vi(2) drops below a fixed threshold, 4.5 V 
< V threshold < 4.8 V or by acting on the ON/OFF 
input. 

External capacitors allow inputs tcwp and tcr to de- 
fine the tinit, treset, teycle, td times (figures 5 and 7) which 
are characteristic of the HALT and RESET signals. 
It's possible to inhibit the watch dog function by 
grounding the pin 7 (CWD). 

If store function is not used the diode D1 is not ac- 
cessary. 


WHEN POWERING (figures 4,5,6) 


Outputs HALT and RESET are (at logic level O) du- 
ring a time tinit following voltage Vo build up, which 
is used for microcomputer initialization. 


tinit (MS) = 0.3 CR (nF). 


WHEN NO INPUT VOLTAGE IS PRESENT 
(figure 4) 

The TEA7105 regulates the power supply voltage 
Vi(1). AS soon as it drops below V\(2) diode D1 is 
blocked. The energy is delivered by capacitor C1 to 
supply the internal logics of the circuit and the micro- 
computer. 


If Vi(1) drops below a fixed threshold, 5 V < V thres- 
hold < 6.4 V,a STORE signal is generated to indicate 
to the supplied system to save the required data. 


lf Vi(2) drops below an externally programmed 
threshold (7 V < V threshold < 36 V). 


Vthreshold = (2.5 (R71 + R2)/R1) + Va. 
Outputs HALT and RESET switch to logic state 0. 


If V\(2) drops below a fixed threshold, 4.5 V < V 
threshold < 4.8 V, the circuit impedance reaches a 
high value. 


OPERATION 


For smail currents the Vee voltage is lower than 
0.6 V ; the transistor is blocked, only the regulator 
delivers current. 


When Vee reaches 0.6 V (I = VeeE/Rb = 0.6/33 = 


20 mA) the transistor starts conduction. The trans- 
istor current gain is high enough to provide a very 


CONCLUSION 


The TEA7105 is a new generation voltage regula- 
tor giving a simple answer to microcomputer power 
supply problems. 


It prevents untimely interruption of microcomputers 


and makes it possible to return to current program 
without any trouble. 


TEA7105 


WHEN THE OUTPUT VOLTAGE DROPS 
(figure 4) 


When voltage Vo drops below a fixed threshold, 4.5 
V < V threshold < 4.8 V outputs HALT and RESET 
switch to logic state 0. 


WHEN NO CLOCK SIGNAL IS PRESENT 
(figure 6) 


The microcomputer when in operation will generate 
a clock signal whose period t will be between t min 
= 20 us and t max = td 


When this signal is not generated, or if the clock pe- 
riod is larger than td, this means that the microcom- 
puter does not operate correctly. 


The TEA7105 thus generates the HALT and RESET 
signals after a time td from the last rising edge. 


In this case signals HALT and RESET are activated 
periodically, t reset and t cycle being fixed by capa- 
citors Cr and CWD. 


td may be adjusted by a resistor RWD connected 
between pin 8 and the ground (figure 9). 


In normal condition the maximal clock period is to 
7 ms. 


It's possible to increase this value in adding some 
external components (figure 10). 


INCREASE OF THE OUTPUT CURRENT 
(figure 7) 


The TEA7105 can deliver a 100 mA current which 
can be increased by using an external transistor, 
which maintains the circuit characteristics. The se- 
tup illustrated in figure 10 an used in our laboratory 
circuit gives a 7 mV output variation for a load cur- 
rent varying from 0 to 1A. In this case Vthreshold = Vs 
+3 Vp + Rs.ls. The maximum value of power sup- 
ply voltage is determined by Vmin= Vs +3 Vp+Rs.|s. 


small current drift of the controller with respect to the 
load, which improves voltage control. 


When short-circuited the current is limited by resis- 
tor Rs. 


Isc = (Vi- 2.Va— Vsat) Rs 


This regulator may be used in its original version to 
power a microcomputer or any system with a maxi- 
mum current requirement of 100 mA. A current ex- 
tension is available for more powerful systems. 


The TEA7105 provides a simple, reliable, economi- 
cal and high performance power supply. 
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When V (1) becomes lower than a fixed threshold 
5V < VC3 <6.4 the STORE output switches to logic 
state 1. This threshold may be modified by using an 
external potential divider. 


When Vi (2) becomes lower than an externally ad- 


Figure 4 : Detection of Input Voltage Drop. 


justable threshold signals HALT and RESET switch 
to logic state O (Vc2 = 2.5 (R1 + R2)/ R11). 


When V) (2) becomes lower than a fixed threshold 
4.5 V < V threshold < 5.5 V the circuit impedance 
becomes high. 


E88TEA7105-06 
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When the output voltage becomes lower than V These signals become active as soon as Vo 
threshold (4.5 < threshold < 4.8 V) the warning si- reaches the threshold to reinitialize and block the 
gnals HALT and RESET switch to logic state O. microcomputer during tint. 


Figure 5 : Detection of Output Voltage Drop. 
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Signals HALT and RESET become active after a td and treset depend on capacitors Cwp and Cr, pre- 
time ta from the last clock signal rising edge. set curves are given in figure 8. 


Figure 6 : Interruption of Clock Pulses. 
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This application is used to deliver a 1 A current with The value of Vi1) activing STORE signal is determi- 
excellent voltage control. The D2 diode avoids the ned by (Vi1) store = (5.7 (R3 + R4)/ R4). 
discharge of the back up battery in the TEA7105 

when it’ s in hight impedance output in stand by 

mode. 


Figure 7 : Current Extension. 


1N4001 


5V 


C2 of 1A 
l 


22kS 

fi Back u- 
Vi pr 25V battery 
wow 


MICROPROCESSOR CLOCK 


TO MICROPROCESSOR 
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We see that Cr and Cwo actions are not fully inde- using an external resistor connected between pin 
pendent. It is possible to adjust td more finely by Rwp and the ground (figure 9). 


Figure 8 : Determination of ta and treset in relation to Cwo and Cr. 


(ms) 


5 10 20 30 33 CWD(nF) 100 200 CR(nF) 
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Figure 9 : Determination of tcx max = tain 
relation to Rwp and Cwo. 


RWD 
(KS) L 
c 
4 es 
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a rm 
FS 9 
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For applications using very long clock period it’s longer than 500 ms. The relationship to define tinit, 
possible to use an external transistor. In this case td, treset are Same that in typical application. 
the maximal clock period, in relation to Cwo, may be 


Figure 10 : Very Long Clock Period. 


V1 (1) 


iH) 
vi 


= C1 + 


7.7V to 36V 


FROM 
MICROPROCESSOR 
f 10 kn 


R2 E cdl 


4.2kO 


ADJ 9) 


TO MICROPROCESSOR 
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PACKAGE MECHANICAL DATA 
16 PINS — PLASTIC DIP 


(1) Nominal dimension 
(2) True geometrical position 
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LOW-DROP VOLTAGE REGULATOR 


a Vo=5Vt4%(lo=5 mA) 

a los =>500 mA 

a Vi- Vos 0.6 V (lo = 500 mA) 

a Vi (Surge) = + 80 V 

» THERMAL AND SHORT-CIRCUIT 
PROTECTION 


DESCRIPTION 


TEA7605 is a low-drop 5 V regulator well suited to 
supplying stabilized voltage to uPs in harsh indus- 
trial environment. 

Special care was taken to keep : 

» Lowest possible quiescent current (250 1A). 

a Lowest possible output capacitor (1 LF). 
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TEA7605 SP 
TO220 
(Plastic Package) 


PIN CONNECTIONS 


E88TEA7605-02 
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BLOCK DIAGRAM 


Re BALLAST 


START-UP CURRENT 
BLOCK 7 REGULATION LIMIT 


THERMAL 
PROTECTION 


E88TEA7605-01 


ABSOLUTE MAXIMUM RATINGS 


V, Input Voltage 
- Continuous 30 V 
-t=300 ms 80 V 
V, Reverse Input Voltage 
- Continuous — 18 V 
-t=120ms — 80 V 
Operating Junction Temperature Range — 45 to 150 Loo 
Storage Temperature Range — 55 to 150 


THERMAL DATA 
Rth q-c) | Junction-case Thermal Resistance 
Rth q-a) | Junction-ambient Thermal Resistance 


APPLICATION DIAGRAM 


E88TEA7605-03 
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ELECTRICAL OPERATING CHARACTERISTICS 
T; = 25 °C, V; = 14.4 V (unless otherwise specified) Output Capacitor = 10 uF (see note) 


Parameter Min. | Typ} Max. | Unit 
Output Voltage (lo = 5 to 500 mA) ses ed 
ee ee 


loc Current Consumption l= OmA a = ie = mA 
lb = 150 mA mA 


lp = 500 mA cc mA 
Line Regulation (Vj = 6 to 26 V ; lp = 5 mA) ae en 


| KVo | Load Regulation (lb =5to500ma) | ||| 


Vi- Vo Drop-out Voltage lp = 150 mA 0.18 V 
lp = 500 mA 0.4 V 


Supply Voltage Rejection (lp = 350 mA, f = 120 Hz, Cp =1 uF, 
V,;, =12+5V) 


Short-circuit Output Current 


pos | o7 | TA 
NOTE : APPLICATIONS HINTS 


The output capacitor has a direct influence on output voltage stability. A 10 uF capacitor will provide satisfactory results ; there 
is No upper limit. 

If necessary, this value can be reduced down to 1 uF ; however, in such case, it should be checked that output capacitor 
keeps sufficiently high capacitance and low equivalent series resistance in the whole temperature range. 

Such low capacitor value is not recommended either, if output current is to switch abruptly from very high to very low values 
(for instance, 400 mA to < 1 mA). 


ELECTRICAL OPERATING CHARACTERISTICS 
T, =-45 CT to + 125 °C, V; = 14 .4 V (unless otherwise specified) Output Capacitor = 10 uF 


|Symbol | Parameter | Min. | Typ. | Max. | Unit | 
= Output Voltage (Ilo = 5 to 500 mA) 


Output Voltage Drift — 45 to 25 °C — 0.4 Vie 


Current Consumption o= OmA 0.4 mA 
lp = 150 mA 25 mA 
lb = 500 mA 120 mA 

KV, Line Regulation (V, =6 to 26 V 20 mV 


| KVo | Load Regulation (lo=5to500mA) || 


Vi - Vo Drop-out Voltage lb = 150 mA 0.2 V 
lp = 500 mA V 
| los _| Short Circuit Output Current ee a ee ie 
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TEA7605 


PACKAGE MECHANICAL DATA 
T0220 — PLASTIC PACKAGE 


12,7 min. 
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LOW-DROP VOLTAGE REGULATOR 


a Vo=10V+ 4% (lo = 5mA) 

a lo=5 TO500mA 

a Vi - Vo = 0.6V (lo = 500mA) 

a Vi (surge) = + 80V 

» THERMAL AND SHORT CIRCUIT PROTEC- 
TION 


TEA7610 SP 
TO220 
(Plastic Package) 


PIN CONNECTIONS 


DESCRIPTION 


TEA 7610 is a low-drop regulator well suited to sup- 
plying stabilized voltage to pPs in harsh industrial E88TEA7610-02 
environment. 


Special care was taken to keep : 
= Lowest possible output capacitor (1F). 
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TEA7610 


/ BLOCK DIAGRAM 


START-UP 
BLOCK | REGULATION 
THERMAL a 
PROTECTION 


E88TEA7610-01 


ABSOLUTE MAXIMUM RATINGS 


Symbol [Unit 
V; Input Voltage - Continuous 30 V 
-t= 300mS 80 V 
V, Reverse Input Voltage - Continuous — 18 V 
-t= 120mS — 80 V 
Operating Junction Temperature 45 to 150 
Storage Temperature — 55 to 150 


THERMAL DATA 


E88TEA7610-03 
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TEA7610 


ELECTRICAL OPERATING CHARACTERISTICS 
T, = 25°C, V, = 14.4V (unless otherwise specified), Output Capacitor = 10uF (note) 


[vn spe votage pemaneny ae 


lec Current Consumption lo = OmA 
lo = 150mA i 
lp = 500mA ae 


Line Regulation (V, = 6 to 26V ; Ip = 5mA) 
Load Regulation (lo = 5 to 500mA) ae ae ee 


V,- Vo Drop-out Voltage lp = 150mA 0.18 V 
lp = 500mMA 0.4 V 
SVRR Supply Voltage Rejection (1, = 350mA, f = 120Hz, 
= 1pF, V; =12 + 5V) 


[Tes | Shor-cireuit Output Curent ———S~C~=“‘*‘“*S*S*‘“‘“‘*~*dSC SSCS PA 
NOTE : APPLICATION HINTS 

The output capacitor has a direct influence on ouptut voltage stability. A 10F capacitor will provide satisfactory results ; 
there is no upper limit. 

lf necessary, this value can be reduced down to 1pF ; however, in such case, it should be checked that output capacitor 
keeps sufficiently high capacitance and low equivalent series resistance in the whole temperature range. 

Such low capacitor value is not recommended either, if output current is to switch abruptly from very high to very low values 
(for instance 400mA to < 1mA). 


ELECTRICAL OPERATING CHARACTERISTICS 
T; = — 45°C to 125°C, Vj = 14.4V (unless otherwise specified), Output Capacitor = 10yF 


| Symbol | Parameter | Min. | Typ. | Max. | Unit _| 
| Vo | Output Voltage (lp = 5 to 500mA) se | 10 | tos | v 


dvo Output Voltage Drift — 45 to 25°C 
25 to 125°C - 0 me 
Current Consumption lp = OmA 2.5 mA 
lp = 150mA 25 mA 
Ip = 500mA 120 mA 


Line Regulation (V; = 6 to 26V ;1, = 5mA) Ff 80 mvs 
[kVe | Load Regulation (lp =5 to 500ma)_SSSC~*dYSCSCSC*«iSC*‘“*‘“d#SCVO’™~*YCmV 


V,- Vo Drop-out Voltage lp = 150mMA 0.20 V 


| los | Short-circuit Output Current | | A 


3/4 
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TEA7610 


PACKAGE MECHANICAL DATA 
TOQ220 — PLASTIC PACKAGE 


.77max. Contact area 
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LOW-DROP VOLTAGE REGULATOR 


a Vo = 8.5V + 4% (lo = 5mA) 

» lo=5 TO500mA 

a Vi - Vo = 0.6V (lo = 500mA) 

a Vi (Surge) = + 80V 

a» THERMAL AND SHORT CIRCUIT PROTEC- 
TION 


TEA7685 
TO220 
(Plastic Package) 


PIN CONNECTIONS 


132 


E88TEA7685-02 


DESCRIPTION 


TEA 7685 is a low-drop 8.5V regulator well suited 
to supplying stabilized voltage to pPs in harsh indus- 
trial environment. 


Special care was taken to keep : 
« Lowest possible output capacitor (1pF). 
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TEA7685 


BLOCK DIAGRAM 


START-UP CURRENT 


THERMAL 
PROTECTION 


E88TEA7685-01 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter pValue | Unit 
Vi Input Voltage - Continuous 30 
-t = 300MmS 80 
V,; Reverse Input Voltage - Continuous . - 18 
-t=120mS — 80 
Operating Junction Temperature 45 to + 150 
Storage Temperature — 55 to + 150 


THERMAL DATA 
Rthy-c) Maximum Junction-case Thermal Resistance 
Rthq-a) Maximum Junction-ambient Thermal Resistance 


APPLICATION DIAGRAM 


<< 


<< 


E88TEA7685-03 
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TEA7685 


ELECTRICAL OPERATING CHARACTERISTICS 
Tj = 25°C, V, = 14.4V (unless otherwise specified) Output Capacitor = 10F (note) 


Current Consumption o= OmA 
oo = 150mA 


Line Regulation (V, = 6 to 26V ; 1, = 5mA) 


Vi - Vo Drop-out Voltage lp = 150mMA 0.18 
lo _ 500mA 0.4 
SVRR Supply Voltage Rejection (lp = 350mA, f = 120Hz, Co = iF, 
V; =12 + 5V) 


| los | Shortcircuit Output Current | 8 | 7 | A 


NOTE : APPLICATION HINTS 

The output capacitor has a direct influence on ouptut voltage stability. A 10uF capacittor will provide satisfactory results : 
there is no upper limit. 

If necessary, this value can be reduced down to ipF ; however, in such case, it should be checked that output capacitor 
keeps sufficiently high capacitance and low equivalent series resistance in the whole temperature range. 

Such low capacitor value is not recommended either, if output current is to switch abruptly from very high to very low values 
(for instance 400mA to < imA). 


<< 


ELECTRICAL OPERATING CHARACTERISTICS 
T, =— 45°C to + 125°C, V, = 14.4V (unless otherwise specified) Output Capacitor = 10uF 


Coe a ae oe ke 
Output Voltage (I, =5 to 500mA) 8.84 
d 


Vo Output Voltage Drift — 45 to 25°C — 1 mv/°C 
dt 25 to 125°C —- 1.2 
lec 


C Current Consumption o = OmA 2.5 mA 
o = 150mA 25 mA 
lp = 500mA 120 mA 


Line Regulation (V, = 6 to 26V ; Ip =5mA) — 25 


Load Regulation (|, =5 to 500mA) 


V,- Vo Drop-out Voltage lb = 150mA 0.20 V 
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TEA7685 


PACKAGE MECHANICAL DATA 
TOQ220 — PLASTIC PACKAGE 


12,7 min. 


Noted output @G06 
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SGS-THOMSON 
MICROELECTROMIGS TEF1033 - TEC1033 


TEB1033 


BIPOLAR DUAL OPERATIONAL AMPLIFIERS 


» LOW DISTORTION RATIO 

a» LOW NOISE 

a VERY LOW SUPPLY CURRENT 

a LOW INPUT OFFSET CURRENT 

a VERY LOW INPUT OFFSET VOLTAGE 

» LARGE COMMON-MODE RANGE 

a HIGH GAIN 

s HIGH OUTPUT CURRENT 

as GAIN-BANDWIDTH PRODUCT : 2.5 MHz 

=» TEMPERATURE DRIFT : 2 uV/°C 

a LONG TERM STABILITY : 8 nV/YEAR 

(for Tamb < 50 °C) 

a» THE TEB1033 AND TEF1033 ARE PIN TO PIN 
REPLACEMENT OF THE LS204C AND LS204 
RESPECTIVELY 


DESCRIPTION 


The TEB1033, TEF1033 and TEC1033 are high 
performance dual-operational amplifiers intended 
for active filter applications. The internal phase com- 
pensation allows stable operation as voltage follo- 
wer in spite of their high gain-bandwidth products. 


The circuits present very stable electrical characte- 
ristics over the entire supply voltage range. 


PIN CONNECTIONS (top views) 
DIP8/SO8 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
-Vec 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

-Véc 


1 
2 
3 
4 
5 
6 
7 
8 


December 1988 


Net 


N D 
DIP8 S08 
(Plastic Package) 


(Plastic Micropackage) 


wd 


GC 
LCC20 
(Tricecop (LCC)) 


ORDER CODES 


Part Temperature 


Number Range | N | D | Gc. 
TEB1033 0 °C to + 70 °C 
TEF1033 — 40 °C to + 105 °C 
TEC1033 — 55 °C to + 125 °C 


Examples :TEB1033N, TEC1033GC 


32 2019 
18 


-NC -NC 
- Output 1 - Non-Inverting input 2 
-NC -NC 


- Inverting input 1 - Inverting Input 2 
-NC -NC 

- Non-inverting input 1 - Output 2 

-NC -NC 

-NC -NC 

-Voec -Véc 


ODMVOAN ONAWND — 
s 


—_— 
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TEB1033-TEF1033-TEC1033 


ABSOLUTE MAXIMUM RATINGS 


7 


Differential Input Voltage + (Vec -1) 


Power Dissipation 
Toper 


TEB1033D, TEF1033D 
TEB1033N 
TEC1033GC 


Operating Free-air Temperature Range 


TEB1033 0 to + 70 
TEF1033 — 40 to + 105 
TEC1033 — 55 to + 125 


— 56 to + 150 


BLOCK DIAGRAM 


Storage Temperature Range 


(1/2 TEB1033) 


* LCC20 : Other pins are not connected. 
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TEB1033-TEF1033-TEC1033 


ELECTRICAL CHARACTERISTICS 


Voc = + 15 V (unless otherwise specified) 
TEC 1033 : —55<Tamp $+ 125 TC 
TEF 1033 : —40<Tamp $+ 105°C 
TEB 1033 : O<Tamb $+ 70T 


TEB 1033 
Symbol Parameter ver, ee 


Input Offset Voltage 
Tamb = 25 °C (RS < 10 kQ) 
Tmin S Tamb S T max 


Input Offset Current 

Tamb = 25 °C 

T min = Tamb < T max 
Input Bias Current 

Tamb = 25 °C 

Tmin = Tamb s T max 
Large Signal Voltage Gain 
(RL =2 kQ, Vo =+ 10 V) 

Tamb = 25 °C 

T min = Tamb < T max 


Supply Voltage Rejection Ratio 

DVcc fromt+ 15 Vto+4V 
Tamb = 25 °C 100 
T min s Tamb = T max 100 


Supply Current, all Amp, no Load 
for = 25 °C 
T min = < Tamb S Tmax 
Input Voltage Range 
iC = 25 °C 


Common Mode Rejection Ratio 
(Rs $ 10 kQ, V; =+ 10 V) 
Tamb = 25 °C 
Tmin s Tamb S Tmax 


Output Short-circuit Current 
en = 25 eG 
T min s Tamb = T max 
Output Voltage Swing 
Waa = 25 : C 
Timin S Tamb s T max 
Veco =t4V, Rr =2 KQ 
Voc = £6 V, Rt = 600 Q 
Slew-rate (Vj; =+ 10 V, Rr =2 kQ, Ci < 100 pF, Tamb = 25 °C, 
unity gain) 
Gain Bandwidth Product 
(f = 100 KHZ, Tamb = 25 °C, Vin = 10 mV, Ry =2 kQ, 
C, = 100 pF) 
Input Resistance (Tamb = 25 °C) 
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TEB1033-TEF1033-TEC1033 


ELECTRICAL CHARACTERISTICS (continued) 


TEB 1033 
5 ; TEF 1033 
Steamers TEC 1033 


Total Harmonic Distortion 

(f = 1KHz, Ay = 20 dB, Ri =2 kQ 
CL < 100 pF, Tamb = 25 °C," Vo = 2 Vpp) 
Equivalent Input Noise Voltage 

(f = 1 KHz) 

Rs = 50 Q 

Rs =1 kQ 

Rs =10 kQ 

Large Signal Voltage Swing 

Ri =10 kQ, f = 10 KHz 

Phase Margin 

Channel Separation 


PENCE 


ENT 


PLT TIN Ty 


1.00 
0.90 
0.80 
070 
0.60 
60 40 -20 0 20 40 60 80 100 120 
TEMP (°C) 
SUPPLY CURRENT VS. AMBIENT TEMPERATURE E88TEB1033-02 
4/9 
a ee IST SGS-THOMSON 
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TEB1033-TEF1033-TEC1033 


Icc (mA) 
1.20 


0.90 


0.80 
0 2 4 6 8 10 12 14 16 18 20 22 
+ /— VS (V) 


SUPPLY CURRENT VS. SUPPLY VOLTAGE E88TEB1033-03 


0.40 Eee ees 

| 

0.30 <a 

0.20 . 

l 
0.10 7 -—~- 
t 
i) 

55 35 15 5 25 45 65 85 105 125 
TEMP (C}) 


OFFSET VOLTAGE VS. AMBIENT TEMPERATURE 
E88TEB1033-04 


5/9 
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TEB1033-TEF1033-TEC1033 


NOISE (nV/VHz) 


100000 
FREQ. (Hz) 


10000 


1000 


S 
oO N - jo] oO foe) ~ © w vz ise) N - oS 
- - 


= - 


E88TEB1033-05 


TOTAL INPUT NOISE VS. FREQUENCY 


GBP (MHz) 


10000 
FREQ. (kHz) 


10 


GAIN BANDWIDTH PRODUCT VS. FREQUENCY 


E88TEB1033-06 


MICROELECTRONICS 
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TEB1033-TEF1033-TEC1033 


GAIN (dB) 
60 


PHASE (DEGREES) 


: Hl i 4 . 
40 it Ht 80 
- BtUIHINe 


10000 
FREQ. (kHz) 


BODE PLOT 


E88TEB1033-07 


TYPICAL APPLICATION 


LOW-PASS FILTER 
2 


E88TEB1033-08 


Wc = 2 7 fc, with fc = Cutt-off frequency 


E = damping factor 
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TEB1033-TEF1033-TEC1033 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


Nominal dimension 


(2) True geometrical position 
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TEB1033-TEF1033-TEC1033 


20 PINS — TRICECOP (LCC) 


20 Pins 
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MIGROELECTROMICGS TEF4033 - TEC4033 


BIPOLAR QUAD OPERATIONAL AMPLIFIERS 


a LOW DISTORTION RATIO 

a LOW NOISE 

a VERY LOW SUPPLY CURRENT 

a LOW INPUT OFFSET CURRENT 

a VERY LOW INPUT OFFSET VOLTAGE 

a LARGE COMMON-MODE RANGE 

a HIGH GAIN 

a HIGH OUTPUT CURRENT 

a GAIN-BANDWIDTH PRODUCT : 2.5 MHz 

» TEMPERATURE DRIFT : 2 uv/°C 

a» LONG TERM STABILITY : 8 nV/YEAR 

(for Tamb < 50 °C) 

=» THE TEB4033 AND TEF4033 ARE PIN TO PIN 
REPLACEMENT OF THE LS404C AND LS404 
RESPECTIVELY 


DESCRIPTION 


The TEB4033, TEF4033 and TEC4033 are high 
performance quad-operational amplifiers intended 
for active filter applications. The internal phase com- 
pensation allows stable operation as voltage follo- 
wer in spite of their high gain-bandwidth products. 


The circuits present very stable electrical characte- 
ristics over the entire supply voltage range. 


PIN CONNECTIONS (top views) 


DIP14/CERDIP14 


Output 1 Output 4 


Inverting input 1 Inverting input 4 


Non-tnverting input 1 Non-inverting input 4 


+ — 
Vec Vec 
Non-inverting input 2 


Non-inverting input 3 
Inverting input 2 Inverting input 3 


Output 2 Output 3 


December 1988 


(Plastic Micropackage) 


(Plastic Package) 
J 


CERDIP14 


(Cerdip Package) nd 


GC 
LCC20 
(Tricecop (LCC)) 


ORDER CODES 


Part Temperature 
Number Range | nN | D [acl 


TEB4033 0 °C to + 70 °C 
TEF4033 |-— 40 °C to + 105 °C 
TEC4033 |-—55 °C to + 125 °C 


Examples : TEB4033N, TEC4033GC 


-NC 

- Output 3 

- Inverting input 3 

- Non-inverting input 3 
-NC 

- Vee 

-NC 

- Non-inverting input 4 
- Inverting input 4 

- Output 4 


- Output 1 
- Inverting input 1 
- Non-inverting input 4 


- Non-inverting input 2 
- Inverting input 2 
- Output 2 


COMO ONO OA WHND — 
5 @ 8 t] 
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TEB4033-TEF4033-TEC4033 


ABSOLUTE MAXIMUM RATINGS 


Symbol| Parameter | Value |e 


Power Dissipation mW 
TEB4033D, TEF4033D 400 
TEB4033N, TEF4033N 665 
TEC4033GC 


Toper | Operating Free-air Temperature Range 


TEB4033 
TEF4033 
TEC4033 


— 40 to + 105 
— 55 to + 125 


- 65 to + 150 


BLOCK DIAGRAM 


Storage Temperature Range 


0138 
8120 82 
rt RI 


Inverting 
mput 


E88TEB4033-01 


Inverting |Non-inverting 
ee 


12, 2S ee 4, 
* LCC20 : Other pins are not connected. 


DIP14 2 6 
CERDIP14 
SOWA 9,13 10) 12 
a Ce Se 


LCC20 2, 1 2S 
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TEB4033-TEF4033-TEC4033 


ELECTRICAL CHARACTERISTICS 


Voc = +15 V (unless otherwise specified) 
TEC 4083: -—55<Tamp $+ 125 TC 
TEF 403838: -—40<Tamp $+ 105 CT 
TEB 4033 : O<Tamb $+ 70 CT 


TEB 4033 
TEF 4033 
Parameter TEC 4033 


Input Offset Voltage 
Tamb = 25 °C (Rg < 10 kQ) 
Tmin S$ Tamb S$ Tmax 


Input Offset Voltage Drift 


Input Offset Current 
Tamb = 25 °C 
T min s Tamb < T max 


Input Bias Current 
amb = 25 °C 
T min < T amb Ss T max 


Large Signal Voltage Gain 
(Rp =2 kQ, Vo = + 10 V) 
Tamb = 25 °C 

T min s Tamb s T max 


Supply Voltage Rejection Ratio 
DVcc froom+ 15Vtot+4V 
Tamb = 25 °C 

T min < Tamb < T max 


Supply Current, all Amp, no Load 
de = 25 °C 


T min < Tamb S T max 


Common Mode Rejection Ratio 
(Rs < 10 kQ, V; =+ 10 V) 
Tamb = 25 °C 

T min s Tamb < Tmax 


Output Short-circuit Current 
Tamb = 25 of © 
T min = Tamb S T max 


Output Voltage Swing 

amb = 25 : C 

T min = Tamb S T max 

Veo =+4V, Ri =2 kQ 

Voc =+£6 V, Rt =600 Q 

Slew-rate (Vj =+ 10 V, Rp =2 kQ Cy s 100 pF, Tamb = 25°C, 
unity gain) 


Gain Bandwidth Product 
(f = 100 KHz, Tamp = 25 °C, Vin = 10 mV, Ri = 2 kQ, 
CL = 100 pF) 


Input Resistance (Tamp = 25 °C) 
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TEB4033-TEF4033-TEC4033 


ELECTRICAL CHARACTERISTICS (continued) 


TEB 4033 


Symbol Parameter 


THD Total Harmonic Distortion . 0.05 % 
(f = 1KHz, Ay = 20 dB, Rit =2 kQ 


n 


Vopp 


Equivalent Input Noise Voltage 

(f = 1 KHz) 

Rs =50 Q 15 | nVNHz 
Rs =1 kQ 

Rs =10 kQ 


Large Signal Voltage Swing 
Ri = 10 kQ, f = 10 KHz 26 28 
eee | | 45 | [Degrees 


Channel Separation 


oM 
Vo1/Vo2 


Icc (MA) 
2.60 


2.40 


2.20 


2.00 


1.80 


1.40 


1.20 


TEMP (°C) 


SUPPLY CURRENT VS. AMBIENT TEMPERATURE E88TEB4033-02 
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TEB4033-TEF4033-TEC4033 


Icc (MA) 
2.10 


2.00 
1.90 
1.80 
1.70 
1.60 

) 2 4 6 8 10 12 14 16 18 20 22 

+/—VS (Vv) 
SUPPLY CURRENT VS. SUPPLY VOLTAGE EssTEB4033-03 
Violmv) 

0.50 | | 

| 

0.40 | -=f—— = 

oe fd 

| 

i a 

| | 

| | | | 

0.20 ' 7 ses = 

; | 

0.10 aa ae 

| | 

i ae 

| 1 

0 ! 

55 -35 -15 5 25 45 65 85 105 125 


TEMP (°C) 


OFFSET VOLTAGE VS. AMBIENT TEMPERATURE 


E88TEB4033-04 
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TEB4033-TEF4033-TEC4033 


NOISE (nV/VHz2) 


il q EF et 
100 1000 10000 100000 
FREQ. (Hz) 
TOTAL INPUT NOISE VS. FREQUENCY E88TEB4033-05 
GBP (MHz) 


1: | 
i | 


10 100 1000 10000 
FREQ. (kHz) 


GAIN BANDWIDTH PRODUCT VS. FREQUENCY E88TEB4033-06 
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TEB4033-TEF4033-TEC4033 


GAIN (DB) 


pes eek 


FREQ. (kHz) 


BODE PLOT E88TEB4033-07 


TYPICAL APPLICATION 


LOW-PASS FILTER 


E88TEB4033-08 


Wc = 2 7 fc, with fc = cutt-off frequency 


€ = damping factor 
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TEB4033-TEF4033-TEC4033 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) Exact geometrical dimension 


Thorpe: 


{ 4 Outputs 


8/9 
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TEB4033-TEF4033-TEC4033 


20 PINS — TRICECOP (LCC) 


20 Outputs 
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TLO61 
TL061A-TLO61B 


LOW POWER J-FET INPUT SINGLE OP—AMPs 


2 VERY LOW POWER CONSUMPTION 

2 WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGES 

» LOW INPUT BIAS AND OFFSET CURRENTS 

=» TYPICAL SUPPLY CURRENT : 200 A 

» OUTPUT SHORT-CIRCUIT PROTECTION 

» HIGH 
STAGE 

» INTERNAL FREQUENCY COMPENSATION 

» LATCH UP FREE OPERATION 

as HIGH SLEW RATE : 3.5 V/us (typ) 


DESCRIPTION 


The TLO61, TLO61A and TLO61B are high speed 
J-FET input single operational amplifier family. 
Each of these J—-FET input operational amplifiers 
incorporates well matched, high voltage J-FET and 
bipolar transistors in a monolithic integrated circuit. 


The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempera- 
ture coefficient. 


INPUT IMPEDANCE J-FET INPUT 


ir Oo 


N H 
DIP8 TO-99 
(Plastic package) 


(Metal can) 
D GC 


SO8 LCC20 
(Plastic micropackage) (Tricecop LCC ) 


ORDER CODES 


Range 


TLO61M — 55 °C to + 125 °C 
TLO61I — 40 °C to + 105 °C 
TLO61C 0 °C to + 70 °C 
TLO61AC 0 °C to+ 70°C 
TLO61BC 0 °C to + 70°C 


rio [x [ee 


Note : Hi-Rel Versions Available 
Examples : TI061MH, TLO61IN 


PIN CONNECTIONS (Top views) 


TO-99 


1 - Balance 
2 - Inverting input 


5 -Balance 
6 -Output 
7-Véc 
8-NC 4-Vcc 


December 1988 


3 - Non-inverting input 


3 2 7019 
18 


17 
-NC 16 -NC 
- Balance 15 - Balance 
-NC 14 
NC 9 10 1112 13 
- Inverting input 
-NC 
- Non-inverting tnput 
-NC 
-NC 
-Vec 


1 
2 
3 
4- 
5 
6 
q 
8 
9 
0 


—_ 
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TLO61-TL061A-TLO61B 


MAXIMUM RATINGS 


crs 
| Voo | Supply Voltage (note 1) | |TV 
Vi | input Votage (note 3) tt 
yy es ae 

680 

pees 

Peed 


TLO61C 


+18 

eee £15 

ae 

-Pr_| Power Dissipation (rote 5) —s”S”*~<~‘RSS*~téBSCS*dC‘é@w#!!~*;SCO~*« CY 
ere 


Toper Operating Free-air, Temperature Range -— 55 to + 125 — 40 to + 105 °C 
Storage Temperature Range — 65 to + 150 — 65 to + 150 — 65 to + 150 °C 


* Devices bonded on a 6 cm x 0 15cm glass epoxy substrate with 30 mm’? of 35 ym thick copper. 


Notes: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Véc and Vcc. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceed. 

5. For operation above + 25 °C free-air temperature, refer to dissipation derating table. 


SCHEMATIC DIAGRAM 


INPUT OFFSET VOLTAGE 
NULL CIRCUITS 


Non 
inverting 


i ae TLO61 
‘ 
Inverting 
input N1 N2 
250 kQ 
6 


Balance Vec 


E88TL061-01 


*LCC20 : Other pins are not connected. 
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TLO61-TLO61A-TLO61B 


ELECTRICAL CHARACTERISTICS 


TLO6G1M :—55 °C < Tamb < +125 °C 

TLO611 :—40°C < Tamb < + 105 °C 

TLO61C : O°C< Tam $< + 70°C 

Voc =+ 15V. 

All characteristics are specified under open-loop conditions unless otherwise specified. 


| min. | Typ. [Max.| re da Oe a a 


new Offset Voltage mV 
Tamb =+ 25 °C, Rg = 50 Q 3 3 15 
Tmin S Tamb S Tmax, Rs = 50 Q 20 


a eee Temperature Coefficient of Input Offset Lee 
eee yee (Rg = 50 Q) 


P| | 
input Offset Current * 
Tamb => + 25 °C 
Tmin S$ Tamb s Tmax 


Input Bras Current * 
Tamb = + 25 °C 
Tmin < Tamb £ Tmax 


ee ee Common-mode Voltage Range 
(Tamb = + 25 °C) 


ota voliage Swing : 
KQ, Tamb = + 25 °C 
Rt > 10 KQ, Tmin < Tamb < Tmax 


Large Signal Voltage Gain 
Tamb = + 25 °C, R; = 10 KQ, 
Vo =+t10V 
Tmin S$ Fame Ss Tmax: Ry. 2 10 KQ, 
Vo =+10V 


a Signal Bandwidth 
i aa °C, Rr = 10 KQ) 


Common- jee Rejection ne 
(Rg = 10 KQ, Tamp = + 25 


vob tO ecu aoe aca 
Tamb = + 2 


Sip Current 
Tamb = + 25 °C, no load, no signal) 


ro Power sone ee (each amplifier) 
Tamb = + 25 °C, No load, no signal 


* Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. 
Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible. 


ELECTRICAL CHARACTERISTICS ( See ago 


TLO6G1I, C 


Slew Rate 
(e; = 10 V, Rt = 10 KQ, C, = 100 pF, Ay = 1) 


Rise Time 
(e; = 20 mV, Ri 


(see fig. 1) 


Overshoot Factor 
(e; = 20 mV, Ry 
eee fig. 1) 
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TLO61-TLO61A-TLO61B 


ELECTRICAL CHARACTERISTICS 


TLO61C : O°C< Tamb $< + 70°C 
Voc =+£15V 
All characteristics are specified under open-loop conditions unless otherwise specified. 


f ‘tain. | Typ. [Max.| Min. [Typ. [Max| Min. [Typ. [Max- 


Vio Input Offset Voltage 
Tamb = + 25 °C, Rs = 509 
Tmin S Tamb S Tmax , Rs = 50 2 


Temperature Coefficient of Input Offset 

Voltage 

(Rs = 50 Q) 

Input Offset Current * 
Tamb = + 25 °C 


Tmin < Tamb < Tmax 


Input Bras Current * 
Tamb =+ 25 °C 
Tmin S$ Tamb s Tmax 


Output Voltage Swing : 
R_ = 10 KQ, Tamp = + 25 °C 

Ri 2 10 KQ, Tmin $ Tamb S$ Tmax 
Large Signal Voltage Gain 
Tamb = + 25 °C, R; = 10 KQ, 
Vo =+10V 

Tmin S Tamb S$ Tmax 


Small Signal Bandwidth 
cee = + 25 °C, Ry = 10 KQ) 


| input Resistance (Tamb = + 25°C) Resistance (Tamb = + 25 °C) mes a | [1012 | 1012) P= 9 Hot 


ee Rejection Ratio 
aan Voltage aac; Ratio ( ae 
Rs 2 10 KQ, Tamp = + 25 °C 70 95 ee ca 
loc Supply Current 
(Tamb = + 25 °C, no load, no signal) 200 | 250 


* Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. 
Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as Is possible. 


Total Power Consumption 
(each amplifier) 
Tamb = + 25 °C, no load, no signal 
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TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


vs 
SUPPLY VOLTAGE 


Ry =10 kQ 
Tamb = +25°C 
See figure 2 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 


SUPPLY VOLTAGE (+ V) 


0] 2 4 6 8 10 12 14 16 


E88TL061-02 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


vs 
LOAD RESISTANCE 
30 


Vec= +15 V 


2 See figure 2 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 
a 


200 400 700 1k 2k 


LOAD RESISTANCE (2) 


4k 


7k10k 
E88TL061-04 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 


DIFFERENTIAL VOLTAGE AMPLIFICATION (V/mvV) 


-75 -50 -25 0 25 $0 75 
FREE-AIR TEMPERATURE (°C) 


E88TL061-06 


ky SGS-THOMSON 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V} 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


Chim coi S| [I 


TLO61-TLO61A-TLO61B 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


Vs 
FREE-AIR TEMPERATURE 


0 
~75 -§0 -25 0 25 S50 75 100 125 


FREE-AIR TEMPERATURE (°C) E88TL061-03 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


See figure 2 


iN 


vA 
i Nt iil 
Tt 
HUIS 


1k 10 k 100 k 1M 10M 
FREQUENCY (Hz) E88TL061-05 
LARGE SIGNAL 


DIFFERENTIAL VOLTAGE AMPLIFICATION 
AND PHASE SHIFT vs FREQUENCY 


Vec= £15 V 

Rext =0 

RL = 10 kf? 0° 
Tamb = + 25°C 


PHASE SHIFT 


(right scale) 


90° 
NY 
DIFFERENTIAL \ 
VOLTAGE BN 
AMPLIFICATION 1 \ \ 135° 


(left scale) 


_N\ 


10k 100k 1M 
FREQUENCY (Hz) 


1 10 100 1k 10M 


MICROELECTRONICS 


180° 


(seesB9p) 14IHS 3SWHd 


E88TL061-07 
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TLO61-TL061A-TLO61B 


TYPICAL CHARACTERISTICS (continued) 


TOTAL POWER DISSIPATED (mW) 


NORMALIZED UNITY-GAIN BANDWIDTH 


6/9 


AND SLEW RATE 


SUPPLY CURRENT PER AMPLIFIER 


3 


SUPPLY VOLTAGE (+V) 
E88TL06 1-08 


TOTAL POWER DISSIPATED 
vs 
FREE-AIR TEMPERATURE 


0 
-75 -50 -25 0 25 


FREE-AIR TEMPERATURE (°C) 
E88TL061-10 


NORMALIZED UNITY-GAIN BANDWIDTH 
SLEW RATE, AND PHASE SHIFT 


vs 
TEMPERATURE 


103 


w 


12 + UNITY-GAIN BANDWIDTH — PHASE SHIFT 4 1 02 
(left scale) (right scale) 


SLEW RATE 
1 (left scale) 71 


I4IHS 3SVHd G3aZIIVINYON 


Vec=1t15V 
Ry =10 ka 
f = By for phase shift 


08 


Q7 
-75 -50 -25 0O 25 50 75 100 


FREE-AIR TEMPERATURE (°C) 
E88TL061-12 


INPUT BIAS CURRENT (nA) 


Ll 


COMMON-MODE REJECTION RATIO (dB) 


SUPPLY CURRENT PER AMPLIFIER 


vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
ibe T 25°C 250 Vcc] + iS Vv 
amb = + No signal 
No signal 
a 200 2 200 
a st 
ee H 
a bss 
2 150 E 150 
us ui 
x cx 
ast ree 
3 > 
oO 
>. 100 S100 
aj 3 
Oo. a. 
a. a. 
> 5 
id o 


—75 -50 -25 18) 
FREE-AIR TEMPERATURE (°C) 


E88TL061-09 
COMMON-MODE REJECTION RATIO 


vs 
FREE-AIR TEMPERATURE 


2 SO 75 100 125 


FREE-AIR TEMPERATURE (°C) 
E88TL061-11 


81 
-75 -§0 -25 0 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 


Me 


ai 
mii 


100 


25 0 25 50 75 


FREE-AIR TEMPERATURE (°C) 
E88TL061-13 
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TL061-TL061A-TLO61B 


TYPICAL CHARACTERISTICS (continued) 


VOLTAGE-FOLLOWER a adie cece 
RGE SIGNAL PULSE RESPONSE 


ELAPSED TIME 


INPUT AND OUTPUT VOLTAGES (V) 
OUTPUT VOLTAGE (mV) 


2 4 6 
TIME (us) 


E88TLO61-14 TIME (xs) 
E88TL061-15 


EQUIVALENT res NOISE VOLTAGE 
FREQUENCY 


MUTT | |vce= 215 v 


LE | ss | 
Tamb = +25°C 


NUTT 
_ fh 
t 


> 8 8 8 


ae 
ae a 


fo) 
io) 


NO WwW & 
oO oCUwWDlCO oO 


00 400 tk 4k 10k 30%100k 
FREQUENCY (Hz) 
E88TLO61-16 


— 


EQUIVALENT INPUT NOISE VOLTAGE (nV/VHez) 
& 
a ee ae 
a Ge Se) OO ER £0 


PARAMETER MEASUREMENT INFORMATION 


Figure 1 : Voltage follower. Figure 2 : Gain-of-10 inverting amplifier. 
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TLO61-TLO61A-TLO61B 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


(1) Nominal dimension 
(2) Exact geometrical dimension 


pee 


§ Outputs 
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TL061-TL061A-TLO61B 


TO-99 — METAL CAN 


12,7 min. 


ate al 


20 PINS — TRICECOP (LCC) 


1,86 max. 


20 Outputs 
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CT} SGS-THOMSON TLO62 
7 WICROELECTROMICS TLO62A-TLO62B 


» VERY LOW POWER CONSUMPTION 

a WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGES 

a LOW INPUT BIAS AND OFFSET CURRENTS 

ma TYPICAL SUPPLY CURRENT : 200 pA 


LOW POWER J-FET INPUT DUAL OP—AMPs 
s OUTPUT SHORT-CIRCUIT PROTECTION 


» HIGH INPUT IMPEDANCE J-FET INPUT N H 


STAGE DIP8 TO-99 
a INTERNAL FREQUENCY COMPENSATION Pe oe) 


m» LATCH UP FREE OPERATION 
GC 


a HIGH SLEW RATE : 3.5 Vius (typ.) 
D 
SO8 LCC20 


(Plastic micropackage) (Tricecop - LCC) 


ORDER CODES 


Saree 
“Range [wn |p [eo 


TLO62M -— 55 °C to + 125 °C 
TLO62I - 40 °C to+ 105°C 
TLO62C 0°C to + 70°C 
TLO62AC 0°C to + 70°C 
TLO62BC 0 °C to + 70 °C 


DESCRIPTION 


The TLO62, TLO62A and TLO62B are high speed 
J~FET input dual operational amplifier family. Each 
of these J-FET input operational amplifiers incor- 
porates well matched, high voltage J-FET and bi- 
polar transistors in a monolithic integrated circuit. 

The devices feature high slew rate, low input bias 


and offset currents, and low offset voltage tempe- 
rature coefficient. 


Note : Hi-Rel versions available 
Examples : TLO62 MH, TLO62 CN 


PIN CONNECTIONS (Top views) 


TO-99 LCC20 


-NC 

- Non-inverting input 2 
-NC 

-NC 

-Inverting input 1 - Inverting input 2 
-NC -NC 

-Non-inverting input 1 - Output 2 

-NC -NC 

-NC -NC 

-Vcc -Véc 


1 - Output 1 5 - Non-inverting input 2 
2 - Inverting input 1 6 - Inverting input 2 

3 - Non-inverting input 1 7 - Output 2 

4-Vec 8-Vic 


ti, 
2- 
3- 
4- 
5 
6 
re 
8 
9 
0 


_ 
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TL062-TLO62A-TL062B 


MAXIMUM RATINGS 


Toper Operating Free-air, Temperature Range — 55 to + 125 - 40 to + 105 °C 
Storage Temperature Range — 65 to + 150 - 65 to + 150 — 65 to + 150 °C 


* Devices bonded on a 6 cm x 0.15 cm glass epoxy substrate with 30 mm? of 35 ym thick copper. 
Notes: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Véc and Véc. 
2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceed. 
5. For operation above + 25 °C free-air temperature, refer to dissipation derating table. 
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Ee 
ied 


SCHEMATIC DIAGRAM 1/2 TL062 


Non-inverting 


Inverting Non-inverting Vz 
Inputs Inputs he 
i ‘ 


*“LCC20 : Other pins are not connected. 


so as 2 et es St {5 SGS-THOMSON 
SIT imicnogLecrromes 
884 


TLO62-TLO62A-TLO62B 


ELECTRICAL CHARACTERISTICS 


TLO62M :—55°C < Tamb $ + 125 °C 

TLO62I :—40°C < Tamb $ +105 °C 

TLO62C : O°CS Tamb << + 70°C 

Vec = + 15V. 

All characteristics are specified under open-loop conditions unless otherwise specified. 


TLO62M TLO62I TLO62C 
Symbol Parameter 


Min. (Typ. |Max.|Min. | Typ. [Max.|Min. |Typ. |Max. 
ee oe S Tmax 


+ 
wn@® 


mV 
amb = 5° 3 3 15 
< 20 
a Vio Temperature Coefficient of Input Offset Voltage 
Rs = 50Q 
Input Offset Current * 
Tamb = + 25 °C 100 200 
Tmin s Tamb s Tmax 10 5 
Input Bias Current 
Tamb = + 25 °C 30 | 200 30 | 400 
Tmin < Tamb < Tmax 20 10 
V\ Input Common-mode Voltage Range 
Tamb = + 25 °C 
Vopp Ouipet Voltage Swing 
amb = + 25 °C. Ri = 10 KQ 
Tmin S Tamb S T max » Rt 2 10 KQ 
Avp Large Signal Voltage Gain (Rr = 10 KQ, 
Vo =+ 10 V) 
Tamb = + 25 °C 
Tmin © Tamb S$ Tmax 
GWr Small Signal Bandwidth 
(Tamb = + 25 °C, Rr = 10 KQ) 


Input Resistance (Tamp = + 25 °C) 


CMR Common-mode Rejection Ratio 
Rs < 10 KQ, Tamb = + 2 
Supply Voltage Rejection Ratio (AVcc/AVio) 


ié) on = 


p 
n 
n 


A 
A 
A 
A 
V 


I+ 
rmnr 


I+ 
_ 
ine) 
nN —_ 
on nN 
I+ 
— 
—_ 
oi 
+ 
— 
NO 
I+ 
— 
i=) 
I+ 
—_ 
— 


ce} 
a 
o 
ao 
NJ 
Oo 
o 
Oo 


< 5 °C 
Supply Current (Per Amplifier) pA 
Tamb = + 25 °C, No Load, No Signal 200 |} 250 200 | 250 200 
Vo1NMo2 | Channel Separation mW 
(Avp = 100, Tamb = + 25 °C) 20 120 120 
Total Power Consumption (Each Amplifier) mW 
No Load , No Signal 
Tamb = + 25 °C 7.5 7.5 7.5 


* Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. 
Pulse techniques must be used that will maintain the junction temperature as closes to the ambient temeprature as is possible. 


Ea 


ELECTRICAL CHARACTERISTICS 
Voc = + 15V, Tamb = + 25 °C. 


TLO62M TLO62I, C 
Symbol Parameter Twin. | Typ. | 
y 


p. ere re a 
Svo Slew Rate V/us 
(e; = 10 V, Ry = 10 KQ, Cy = 100 pF, Ay = 1) 2 3.5 3.5 
Us 
2 


Rise Time 
(e; = 20 mV, RL = 10 KQ, Cy = 100 pF, Ay = 1) 0. 
(See Fig. 1) 
Kov Overshoot Factor (e; = 20 mV, R, = 10 KQ, % 
C. = 100 pF, Ay = 1 V) 10 10 
(See Fig. 1) 
Vn Equivalent Input Noise Vbltage nV/VHz 
(Rs = 100 KQ, f = 1 KHz) 42 42 
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TLO62-TLO62A-TLO62B 


ELECTRICAL CHARACTERISTICS 


TLO62C : 0°C< Tambs +70°C 
Voc = + 15V 
All characteristics are specified under open-loop conditions unless otherwise specified. 


Parameter 
—aem eee 


ia Offset pg (Rs = 50 Q) 
Tamb = + 25 S 15 
Tmin S$ Tamb < Tmax 20 i 5 
a ee erp cetenel patience | Coefficient of Input Offset Voltage eo 
erp cetenel patience | = 509 10 10 la 
Bache: Offset Current * 
Tamb =_+ 25 °C 490 00 pA 
Tmin < Tamb $ Tmax nA 
Input Bias Current * 
Tamb =+ 25 °C 30 oy age 30 A06 
T min s Tamb = Tmax 
a4 naa eye iece Voltage Range 
Tamb = + 2 Cea +11 +11.5) +12 £11.5 oil. | 


bes Output Voltage Swing 
Tamb = +25 °C, Rr, = 10 KQ 
Tmin $ Tope S Tmax 
Avp Large Signal Voltage Gain 
(R_ 2 10 KQ, Vo = + 10 V) 
Tamb = + 25 °C 
Tmin S Tamb S Tmax 


smal Signal Bandwidth 
(Tamb = + 25 °C, ae err al 


| oR, | Input Resistance Input Resistance (Tamy =+25°C) ss = + 25 °C) 


Common-mode Rejection Bae 
Rs s$ 10 KQ, Tamb = + 2 


os ree yolaoe pe ae Baie (AVoc/AVi0) 
Tamb = 


Supply pa cl Amplifier) 
gamete le. Neon =+2 , No Load, No Signal 


| VorMoo | Channel Separation (Avp = 100, Tamb = + 25 | Channel Separation (Avp = 100, Tamb = + 25°C) |_| 


Total Power Scueumnpter (Each Amplifier) 
No Load , No Signal 
Tamb = rs 25 °C 


* Input bias currents of a FET—input operational amplifier are normal junction reverse currents, which are temperature sensitive. 
Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible. 
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TL062-TLO62A-TLO62B 


TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


vs 
SUPPLY VOLTAGE 


vs 
FREE-AIR TEMPERATURE 


30 30 


R; =10 kQ 
Tamb — + 25°C 
See figure 2 


25 


20 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 
nn 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 


10 
5 
0 0 
~75 -50 -25 0 25 SO 75 100 125 
+ 1 ° 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


vs 


Vs 
LOAD RESISTANCE FREQUENCY 


Vcc=+15V ms R, = 10 kQ 
Tamb = +25°C (IUD Tamb = #25°C 
See figure 2 \ See figure 2 


Un | iL lll 
rm tH 
Smet lll 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 
an 


(left scale) ei 


180° 
1 
—-75 —50 -25 0O 25 50 75 100 125 1 10 100 tk Ok 100k 1M 10M 
FREE-AIR TEMPERATURE (°C) oo 06 FREQUENCY (Hz) E88TL062-07 
(a7 SGS-THOMSON fs ee 
7 incrozLecrromics 


0 Be 
100 200 «64400 7001k 2k 4k 7kIOk 1k 10 k 100 k 1M 10M 
LOAD RESISTANCE (1) FREQUENCY {Hz) 
E88TL062-04 : E88TL062-05 
DIFFERENTIAL MOTTAGE AMPLIFICATION LARGE SIGNAL 

= DIFFERENTIAL VOLTAGE AMPLIFICATION 
=. FREE-AIR TEMPERATURE AND PHASE SHIFT vs FREQUENCY 
~ z 
2 Vec=1t15 V fe) Vec= +15 V 
= R, =10 kn < Rexr =0 
= Ss) Ry =10 kf? o° 
q — fe) 
oO = Tamb = + 25°C 2 
= S > 
ad q e 4 
$ a 45m 
a ] PHASE SHIFT 4 
: < (right scale) 7 
o 5 aca 
< 4 SJ 90 a. 

| [-o} 
9 Zz DIFFERENTIAL \ 5 
. i VOLTAGE @ 
d 2 AMPLIFICATION L&W” Nd ase = 
kK eg 
cf i 
c te 
re 6 
a 
Oo 
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TLO62-TLO62A-TLO062B 


TYPICAL CHARACTERISTICS (continued) 


SUPPLY CURRENT PER AMPLIFIER 


VS 
SUPPLY VOLTAGE 


250 


150 


100 


SUPPLY CURRENT (+ yA) 


SUPPLY VOLTAGE {+ V) 


E88TL062-08 


TOTAL POWER DISSIPATED 
vs 
FREE-AIR TEMPERATURE 


TOTAL POWER DISSIPATED (mW) 


0 
-75 -50 -25 0 25 SO 75 
FREE-AIR TEMPERATURE (°C) 


100 125 


E88TLO62-10 


NORMALIZED UNITY-GAIN BANDWIDTH 
SLEW RATE, AND PHASE SHIFT 
vs 
TEMPERATURE 


1.3 


1.03 


wo 12 UNITY-GAIN BANDWIDTH pHASE SHIFT1 1 02 
S < (left scate) (right scale) 
oO 
>i 1.1 101 
Fr 
Sa 
oz } 1 
o< 
Nx 
ae 
zo 09 099 
== 
co 
Sz 
< 0.8 098 
f= By for phase shift 
0.7 09? 
-75 -50 -25 0 25 50 75 #100 125 


FREE-AIR TEMPERATURE (°C) 


J4IHS 3SVHd GaZIVINHON 


E88TLO62-12 
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kyy 


SUPPLY CURRENT PER AMPLIFIER 
vs 
FREE-AIR TEMPERATURE 


750 


Vcec=t15V 


8 


g 


SUPPLY CURRENT (+ 1A) 
°o 
3° 


-75 -50 -25 0 25 50 75 100 125 
FREE-AIR TEMPERATURE (°C) 971 962-09 


COMMON-MODE REJECTION RATIO 
vs 
FREE-AIR TEMPERATURE 


Vec=t15V 
Rc = 10 ka 


COMMON-MODE REJECTION RATIO (dB) 


25 50 75 100 125 


FREE-AIR TEMPERATURE (°C) 
E88TL062-11 
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INPUT BIAS CURRENT 
vs 


FREE-AIR TEMPERATURE 


10 SS Se 
40 
q 
£ 
z —— —=— 
4 yr ti“‘;CSSCSCsCsSQ? 
cx aS 
cs 1 
a Ba 
a Gm ee a GE 4 Grn ae 
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eo } 
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FREE-AIR TEMPERATURE (°C) 
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TYPICAL CHARACTERISTICS (continued) 


INPUT AND OUTPUT VOLTAGES (V) 


VOLTAGE-FOLLOWER 
RGE SIGNAL PULSE RESPONSE 


TIME (us) 


E88TL062-14 


OUTPUT VOLTAGE (mV) 


TL062-TLO62A-TLO62B 


OUTPUT VOLTAGE 


vs 
ELAPSED TIME 


0 02 04 06 08 1 #12 14 
TIME (ps) 
E88TL062-15 


EQUIVALENT INPUT NOISE VOLTAGE 


EQUIVALENT INPUT NOISE VOLTAGE (V/VHz2) 


ky 


aS Ee 
Ee 
—- << 


Il 

TT 

HIN 
a 


0 100 300 1k 
FREQUENCY (Hz) 


4% 10k 30% 100k 
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TL062-TLO62A-TLO62B 


PARAMETER MEASUREMENT INFORMATION 
TEST CIRCUITS 


Figure 1 : Voltage follower. Figure 2 : Gain-of-10 inverting amplifier. 


E88TL062-18 E88TLO62-19 


TYPICAL APPLICATION 


* These resistor values may be 
adjusted for a symmetrical out- 
put. 


E88TLO62-17 
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TLO62-TLO62A-TLO62B 


PACKAGE MECHANICAL DATA 
8 PINS— PLASTIC DIP 


(1) Nominal dimension 
(2) Exact geometrical dimension 


a 


f Outputs 


(G7 SGS-THOMSON Abe a ee ee ee ee 
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TLO062-TLO62A-TLO62B 


20 PINS — TRICECOP (LCC) 


1.86 max. 


8, 74 
9,04 


20 Outputs 


TO-99 — METAL CAN 


mm 
Pin 
4,20 D 7.75 1.27 max. 
4,69 
12,7 min. 
8 Outputs 
0.508 
10/10 
las re ee Poe ee ee f SGS-THOMSON 
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TLO64 
TLO64A-TLO64B 


LOW POWER J-FET INPUT QUAD OP-AMPs 


» VERY LOW POWER CONSUMPTION 

» WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGES 

» LOW INPUT BIAS AND OFFSET CURRENTS 

» TYPICAL SUPPLY CURRENT : 200 pA 

s OUTPUT SHORT-CIRCUIT PROTECTION 

» HIGH INPUT IMPEDANCE J-FET INPUT 
STAGE 

» INTERNAL FREQUENCY COMPENSATION 

» LATCH UP FREE OPERATION 

a HIGH SLEW RATE : 3.5 V/us (typ) 


DESCRIPTION 


The TLO64, TLO64A and TLO64B are high speed 
J-FET input quad operational amplifiers. Each of 
these J—FET input operational amplifiers incorpo- 
rates well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 

The devices feature high slew rates, low input bias 


current and offset currents, and low offset voltage 
temperature coefficient. 


et 


GC 
LCC20 
(Tricecop - LCC) 


N 
DIP14 
(Plastic package) 


J 
CERDIP14 
(Cerdip package) 


D 
SO14 
(Plastic micropackage) 


T t 
ormmoe | ice” [ett Tee 


TLO64M — 55 °C to + 125 °C 
TLOG64I - 40 °C to + 105 °C 
TLO64C 0°C to + 70°C 
TLO64AC 0 °C to + 70°C 
TLO64BC 0 °C to + 70 °C 


Note : Hi-Rel versions available 
Examples : TLO64 MJ, TLO64 CN 


PIN CONNECTIONS (Top views) 


DIP14 
CERDIP14 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
-Véc 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Output 3 

- Inverting input 3 

- Non-inverting input 3 
-Vec 

- Non-inverting input 4 
- Inverting input 4 

- Output 4 


OONOOAAWN = 
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-Véc 

-NC 

-Non-inverting input 2 
-Inverting input 2 

- Output 2 

-NC 

- Output 3 

-Inverting input 3 
-Non-inverting input 3 
-NC 

-Vec 

2 -Output 1 -NC 

3 -Inverting input 1 -Non-inverting input 4 
4 -Non-inverting input 1 - Inverting input 4 
5-NC 20 - Output 4 


7 
9 10 1112 13 


1/10 
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TLO64-TLO64A-TLO64B 


MAXIMUM RATINGS 


* Devices bonded.on a 6 cm x 0.15 cm glass epoxy substrate with 30 mm? of 35 pm thick copper. 


Notes :1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc and Vcc. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever ts less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 
5. For operation above + 25 °C free-air temperature, refer to dissipation derating table. 


SCHEMATIC DIAGRAM 


Non 
inverting 
input 


1/4 TLO64 


Inverting 
input 


E88TLO64-01 


Non-inverting inverting 
- + 
ee ee Ere ee sk ee 
DIP14 
CERDIP14 11 4 1,7, 8, 14 3, 5, 10, 12 2, 6, 9, 13 
$014 

a 


LCC20 |. tees | 2,10, 12,20 | 4,8,14,18 | 3,9, 13, 19 


*LCC20 : Other pins are not connected. 
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TL064-TLO64A-TLO64B 


ELECTRICAL CHARACTERISTICS 


TLO64M :-—55°C< Tamb $ + 125°C 

TLO64I :-—40°C< Tamb < + 105°C 

TLO64C : O°C< Tamb $< + 70°C 

Voc = + 15V. 

All characteristics are specified under open-loop conditions unless otherwise specified. 


TLO64M TLOG4I TLO64C 


A 


Parameter 


Input Offset Voltage (Rs = 50 Q) 
amb = + 25 °¢ 
min S Tamb = zoe 


aa Offset Current * 
Tamb = + 25 °G 
Tmin < Tamb S$ Tmax 


Input bias Current * 
Lamb =+ 25 °C 
Tmin S Tamb S$ Tmax 


Vopp Output Voltage ane : 
Ri = 10 kQ, Tamb = + 25 °C 20 
Ri 2 10 kQ, Trin < Tamb < Tmax 20 
Large Signal Voltage Gain (RL => 10 kQ, 
Vo =+10 V) 
Tamb = + 25 °C 4 
Tmin = Tamb = Tmax 4 


at 20 | 27 a 27 
20 


Bk ta 
ze 


Small Signe Bandwidth 
(Tamb = + 25 °C, Ry = 10 kQ) 


a Input Resistance (Tamp = + 25 °C) 


Common-mode Bslection Ratio 


Supply Vale Rejection Ratio (AVcc/AVi0) 


10%? Sena 
es | | troll |e 
pen isi s ) 
so fee ono] PA 


Channel Separation (Avp = 100, Tamb = + 25 °C) 5 ee oo 


age Power Consumption (each mee!) = 
Tamb = + 25 °C, no Load, no Signal TD 7.5 Yet: 


* Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. 
Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as Is possible. 


SuPpy ee (per amplifier) 
Tamb = 5 °C, no Load, no Signal 


— |]% 
S = 


ELECTRICAL CHARACTERISTICS 


Voc = + 15V, Tamb = + 25 °C. 


vee Leet ae ra] om 
Slew Rate hea 
(e; = 10 V, R, = 10 kQ, Cy = 100 pF, Ay = 1) 


tr Rise Time 
e; = 20 mV, RL = 10 kQ, Cy = 100 pF, Ay = 1) 
see fig. 1) 
Kov Overshoot Factor % 

Cle. mV, Ry = 10 kQ, CL = 100 pF, Ay = 1) 10 10 

see fig. 1) 
Equivalent Input Noise Voltage nV/VHz 
(Rs = 100 kQ, f = 1 kHz) 42 42 
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TLO64-TLO64A-TLO64B 


ELECTRICAL CHARACTERISTICS 


TLO64C : O'C< Tamb < +70°C 
Voc =+ 15V 
All characteristics are specified under open-loop conditions unless otherwise specified. 


Bec ie me ene” 


mput Offset pees (Rs = 50 Q) 
tam = + 25 i @ 15 
Tmin S$ Tamb S$ Tmax 20 7. e 
are. heen Coefficient of Input Offset Voltage moa 
10 10 10 
Se Le Offset Current * 
Tamb = + 25 °C ene ie Le pA 
Tmin S$ Tamb © Tmax nA 
input bias Current * 
qamb = = + 25 °C 400 
Tmin S Tamb S$ Tmax is 
me alc ay Voltage Range 
mb =+2 +10 | +11 fae Lael tee ih | 
Vopp ae vonage as 
RL = 10 kQ, Tamb = + 25 °C 20 | 27 20 20 
Ri > 10 kQ, Taun < ees < Tenax 20 20 20 
Large Signal Voltage Gain (R_ 210 kQ, V/imV 
Vo =+ 10 V) 
Tamb = + 25 °C 3 4 4 
Tmin S$ > Tamb s Tmax 3 4 4 


aa signa’ Bandwidth 
mb = + 25 °C, Ry = 10 kQ) 


ee Fcc a a ol et io 7 jro'?#} | 


Common-mode Rejection Ratio 
(Rg < 10 kQ, Tamb = + 25 °C) 


Supply bee nelecnony nae (AVoc/AVio) 
amb = + 2 


Supp Current (per amplifier) LA 
Tamb = + 25 °C, no Load, no Signal 200 | 250 200 | 250 


Channel Separation (Ayp = 100, Tamp = + 25 °C) 


be Power Consumption (each amplifier) 
Tamb = + 25 °C, no Load, no Signal 


* Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. 
Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible. 
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TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 


SUPPLY VOLTAGE 
30 


See figure 2 


25 


0 2 4 6 8 10 12 14 = 16 
SUPPLY VOLTAGE (+ V) 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 
an 


E88TL064-02 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 


30 
Vcc=+t15V 


3 see figure 2 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLIAGE (\} 


0 
100, 200 «6400 700 1k 2k 4k 


7 k10 k 
LOAD RESISTANCE (9) -ga71 (64-04 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 


ae 
ae 
ao ee 


1 
-75 -50 -25 0 25 50 75 100 125 
FREE-AIR TEMPERATURE (°C) £9871. 064-06 


DIFFERENTIAL VOLTAGE AMPLIFICATION (V/mV) 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


TL064-TLO64A-TLO64B 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Ry = 10 kD 
See figure 2 


0 
~75 -50 -25 0O 25 50 78 100 125 
FREE-AIR TEMPERATURE (°C) 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 


E88TL064-03 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


Vcc= +15 V [ R, = 10 kQ 

PULL Tamb = + 25°C 
Ni : See figure 2 

4 


Ls 


‘a ’ i 
HT Ill 


1k 10 k 100 k 1M 10M 
FREQUENCY (Hz) 


| 
| 


Vec=+12V 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE (V) 


E88TLO64-05 


LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
AND PHASE SHIFT vs FREQUENCY 


Vcc=t15V 
104 0° 
v 
x 
a 
102 as’ - 
PHASE SHIFT x 
(right scale) | 
DIFFERENTIAL \ = 
VOLTAGE \ 2 
10 AMPLIFICATION L#™ 135" 
(left scale) PAY 
1 180° 


1 10 100 1k 10k 100k 1M 10M 
FREQUENCY (Hz) 
E88TL064-07 
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TLO64-TLO64A-TLO64B 


TYPICAL CHARACTERISTICS (continued) 


NORMALIZED UNITY-GAIN BANDWIDTH 


6/10 


898 


SUPPLY CURRENT (+A) 


TOTAL POWER DISSIPATED (mW) 


AND SLEW RATE 


SUPPLY CURRENT PER AMPLIFIER 
vs 


SUPPLY VOLTAGE 
250 


Tamb = + 25°C 
No signal 
No load 


8 


— 
wn 
Oo 


E 


g 


.¢) 2 4 6 8 10 12 14 = 16 


SUPPLY VOLTAGE (+V) 
E88TL064-08 


TOTAL POWER DISSIPATED 


vs 
FREE-AIR TEMPERATURE 


100 


FREE-AIR TEMPERATURE (°C) 
E88TLO64-10 


-75 -50 -25 0 25 SO 7 


NORMALIZED UNITY-GAIN BANDWIDTH 
SLEW RATE, AND PHASE SHIFT 


vs 
TEMPERATURE 


13 103 


12> UNITY-GAIN BANDWIDTH — PHASE SHIFT 4 1 02 
(right scale) 


Ee 


SLEW RATE 
(left scale) 


LdIHS ASVHd G3ZIIVAWYON 


Vec= 115 V 
R_ =10 kQ 
f = By for phase shift 


jo} 
fo] 


07 
-75 -50 -25 0 25 50 75 


097 
125 


100 
FREE-AIR TEMPERATURE (°C) 
E88TLO64-12 


ky SGS-THOMSON 


INPUT BIAS CURRENT (nA) 


SUPPLY CURRENT (+,A) 


250 


8 


g 


s 


—-75 -50 -25 0 86 25 SO 75 


COMMON-MODE REJECTION RATIO (dB) 


-§0 -25 0 25 50 75 


SUPPLY CURRENT PER AMPLIFIER 
VS 
FREE-AIR TEMPERATURE 


No signal 
No load 


100 125 
FREE-AIR TEMPERATURE (°C) EgsTL_o64-09 


COMMON-MODE REJECTION RATIO 


vs 
FREE-AIR TEMPERATURE 


100 125 


2 SO 75 
FREE-AIR TEMPERATURE (°C) 
E88TL064-11 


INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATURE 


———=—#_ ee eee eee ee ee 


Bill 
lll 
iil 
Bill 
willl 
Sui 
Bhi 


lt 
lt 
ait 


Aa 
NI 
ai! 
lll 


100 
FREE-AIR TEMPERATURE (°C) 
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TL064-TLO64A-TLO64B 


TYPICAL CHARACTERISTICS (continued) 


INPUT AND OUTPUT VOLTAGES (V) 


OUTPUT VOLTAGE 


VOLTAGE-FOLLOWER vs 
LARGE SIGNAL PULSE RESPONSE ELAPSED TIME 


aa 
Pele 


EQUIVALENT INPUT NOISE VOLTAGE (V/VHz) 


OUTPUT VOLTAGE (mV) 


10 0 02 04 06 08 1 #12 «1.4 
TIME (us) 
E88TL064-14 E88TLO64-15 
EQUIVALENT INPUT NOISE VOLTAGE 
an FREQUENCY 
. Nit 
10 
60 
- Cait 
7 Ta 
. HE 
me Tt CEE UAT 
. SH itt ae 
LUMI EET | TAT 
10 40 100 400 1k 4k 10k 430 100k 
FREQUENCY (Hz) 
E88TL064-16 
: 7/10 
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TL064-TL064A-TLO64B 


PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage follower. Figure 2 : Gain-of-10 inverting amplifier. 


2 


E88TL064-18 E88TLO64-19 


TYPICAL APPLICATION 
AUDIO DISTRIBUTION AMPLIFIER 


O Output A 


O Output B 


E88TL064-17 


Bo SGS-THOMSON 
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TLO64-TLO64A-TLO64B 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) Exact geometrical dimension 


1 4 Outputs 


1 4 Outputs 
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TLO64-TLO64A-TLO64B 


20 PINS — TRICECOP (LCC) 


1.86 max. 


; 
i 


20 Outputs 
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s LOW POWER CONSUMPTION 

» WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

» LOW INPUT BIAS AND OFFSET CURRENT 

» LOW NOISE Vn = 18 nVWV Hz (typ) 


LOW NOISE J-FET INPUT SINGLE OP-AMPs 
a OUTPUT SHORT-CIRCUIT PROTECTION 


» HIGH INPUT IMPEDANCE J-FET INPUT N H 


DIP8 TO-99 
STAGE (Plastic package) (Metal can) 
a» LOW HARMONIC DISTORTION : 0.01 % (typ) Pere 
a INTERNAL FREQUENCY COMPENSATION 
a» LATCH UP FREE OPERATION 


a HIGH SLEW RATE : 13 V/us (typ) Cat Gye 


D GC 
SO8 LCC20 
(Plastic micropackage) (Tricecop - LCC) 


ORDER CODES 
Temperature 
Part Number 
Range PN | 


TLO71M — 55 °C to + 125 °C 


DESCRIPTION 
The TLO71, TLO71A and TLO71B are high speed 


J-FET input single operational amplifiers incorpo- TLO711 — 40 °C to + 105 °C 
rating well matched, high voltage J-FET and bipolar TLO71C 0 °C to + 70°C 
transistors in a monolithic integrated circuit. TLO71AC 0 °C to + 70°C 


TLO71BC 0 °C to + 70 °C 


The devices feature high slew rate, low input bias 
and, offset current, and low voltage temperature 
coefficient. 


PIN CONNECTIONS (Top views) 
TO-99 


3 2 4 2019 
18 


-NC -NC 
- Offset null - Offset null 


- Inverting input 
-NC 

- Non-inverting input 
-NC 

-NC 

-Vcc 


1 - Offset null 5 - Offset null 
2 - Inverting input 6 - Output 

3 - Non-inverting input 7-Véc 
4-Vcec 8-NC 


{ 
2 
oe 
4- 
5 
6 
7 
8 
9 
0 


_ 
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TLO71-TL071A-TLO71B 


MAXIMUM RATINGS 


CN Ta 
Pint | Power Ditbaton 
a 


Toper Operating Free-air Temperature Range 


TLO71C, AC, BC 0 to 70 


TLO71I, Bl — 40 to 105 
TLO71M — 55 to 125 


Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Voc and Véc. 
2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 


Storage Temperature Range 


SCHEMATIC DIAGRAM 


Non inverting 
input 1 INPUT OFFSET VOLTAGE 


Inverting 1 | NULL CIRCUIT 
input 


TLOTI 


aoe me null E88TL0O71-01 


Inverting Non-Inverting 
—* 
SOs 
Tea 99 


L |Lcc20 C20 Faas — 12 
*LCC20 : Other pins are not ls 
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TLO71-TLO71A-TLO71B 


ELECTRICAL CHARACTERISTICS 
Vcc = + 15 V (unless otherwise specified) 


TLO71M *- 55°C <Tamb S$ +125°C 
TLO711I, BI "-- 40°C < Tamb S$ +105°C 
TLO71C, AC, BC: 0°C< Tamb < + 70°C 


TLO71M, I, BI TLO71C 
TLO71BC, AC 


Vio Input Offset Voltage 
Tamb = 25 °C (Rs < 10 kQ) 
TLO71Bl, BC 


Tmin s Tamb s Tmax 


Input Offset Current * 
Tamb = 25 i © 
Tmin S$ Tamb < Tmax 


Input Bias Current * 
Tamb = 25 °C 
Tmin s Tamb s Tmax 


Avo Large Signal Voltage Gain 
(RL 2 2 kQ, Vo = + 10 V) 
Tamb = 25 °C 


Tmin s Tamb s Tmax 


SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin S$ Tamb S$ Tmax 
Supply Current, no Load 
Tamb = 25 °C 
Tmin S$ Tamb $ Tmax 


Common Mode Rejection Ratio 
(Rs s 10 kQ) 
Tamb = 25 °C 
Tmin S Tamb $ Tmax 
Output Short-circuit Current 
Tamb = 25 °C 
Tmin S Tamb S Tmax 


Output Voltage Swing 
Tamb = 25 °C 


Tmin S Tamb S Tmax 


Slew-rate (V; = 10 V, Ry = 2 kQ 
Cr. < 100 pF, Tamp = 25 °C, unity gain) 
Rise Time 
(V; = 20 mV, Ry = 2 kQ 

Cr. = 100 pF, Tamb = 25 °C, unity gain) 


* The input bias currents are junction leakage currents wich approximatevely double for every 10 °C increase in the junction temperature. 
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S| | pra Mtist tet 
905 


TLO71-TLO71A-TLO71B 


ELECTRICAL CHARACTERISTICS (continued) 


ieee | I, Bl TLO71C 
Parameter Paes ieee | 


Overshoot (V; = 20 mV, Ry, = 2 kQ 
Cri < 100 pF, Tamp = 25 °C, unity gain) 


Gain Bandwidth Product 
(f = 100 kHz, Tamb = 25 °C 
Vin = 10 mV, Ry = 2 kQ, Cy, = 100 pF) 
TLO71Bl, BC 


Input Resistance (Tamb = 25 °C) 


Total Harmonic Distortion 
(f = 1 kHz, Ay = 20 GB, Ry = 2 kQ 
C. < 100 pF, Tamp = 25 °C, Vo = 2 Vpp) 


Equivalent Input Noise Voltage 
(f = 1 kHz, Rs = 100 Q) 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 46 VOLTAGE VERSUS FREQUENCY 
30 
Ry = 2 kQ 
25 Tamb =t 25°C 
mm eaiiii: See figure 2 


SMT HIP 
tcl 
16 aa aa ae | 


A LT A 


lec = sv yt 


Baililii THM ih 


CT INE ETS 


3 


La 
i : A Hi 


VOLTAGE (V) 


-_ 
o 


Wa ian 
TEATS 


wn 


MAXIMUM PEAK TO PEAK OUTPUT 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


0 
100 1k 10k 100 k 1M 10M 100 ik 10k 100 k 1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88TL071-02 E88TLO71-03 
ee eo (7 SGS-THOMSON 
7 icRoELEcTROMeS 
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TYPICAL CHARACTERISTICS (continued) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


INPUT BIAS CURRENT (nA) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


See figure 2 


siti ll 
Ut Ati TT 
Lf 
CUNT 
BUHANN, 
LA 
Pons ize MAUI Tl 


tem. 


10k 40k 100k 400k 1M 4M 10M 
FREQUENCY (Hz) 


ra 


E88TL071-04 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 
RESISTANCE 


0 
01 0.2 
LOAD RESISTANCE (kQ) 


04 0.7 1 2 4 7 


E88TL071-06 


INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 


————K A A | 
eee eee eee eee ee eS 
ee Oe CE GEE EE EE eee 


———_—_F_—S OE Ce ee a eS eee 
SSS ss ee ee SE oO ee 


ooiL__1 


-530 -25 O 25 50 75 100 125 


° 
TEMPERATURE (C) E88TLO71-08 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


g 


DIFFERENTIAL VOLTAGE AMPLI— 
FICATION (V/mV) 


TLO71-TLO71A-TLO71B 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 


[ae TT 


Rp=2kQ_{ | 
ieee 


-75 -50 -25 0 25 SO 75 
TEMPERATURE ( C} 


100 125 


E88TL071-05 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 
VOLTAGE 


SUPPLY VOLTAGE (V) 
E88TL071-07 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE 


8 8 


200 


70 ——sS 


-75 -50 -25 0 25 50 75 100 125 
° 
TEMPERATURE ( C) E88TL071-09 


f SGS-THOMSON 
SF micnorLectnomes 
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TLO71-TLO71A-TLO71B 


TYPICAL CHARACTERISTICS (continued) 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 
PHASE SHIFT VERSUS FREQUENCY 


TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 


Fs 
wy = E 
> 2 zZ 
RE roto © fe) 
52 DIFFERENTIAL 49 2 = 
> z VOLTAGE a] o. 
a0 AMPLIFICATION 
< E (left scale) 4s i a 
kK x= a 
2° n id 
oo 9 > 
uw mt < 5 
ue PHASE SHIFT x Z 
Q (right scale) 135 < 
b 
180 E 0 
1 10 100 tk 10k 100k 1M 10M -75 -50 -25 0 25 S 75 100 125 
FREQUENCY (Hz) TEMPERATURE (°C) 
E88TL071-10 E88TLO71-11 
SUPPLY CURRENT PER AMPLIFIER COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE VERSUS FREE-AIR TEMPERATURE 
i] 
| 
q 
ois co 
t z 
£ Oo 
- 
Z Q 
: Ja 
s zs 
0 a] 
°; ¢ 
ny 2 
> Oo 
2% = 
s 
re] 
oO 


25 «650 


0 
-75 -55 -25 0 


75 100 125 


TEMPERATURE (°C) 
E88TL071-12 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


CARER 
TT folet 


Vec=+t15V 


INPUT AND OUTPUT VOLTAGES (V) 


1.5 


2 2.5 35 


mews) E88TLo71-14 
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TEMPERATURE (°C) 
E88TLO71-13 


OUTPUT VOLTAGE VERSUS TIME 


OUTPUT VOLTAGE (mV) 


04 05 06 0.7 


TIME (us) E88TLO71-15 


SGS-THOMSON 
MICROELECTRONICS 


TLO71-TLO71A-TLO71B 


TYPICAL CHARACTERISTICS (continued) 


TOTAL HARMONIC DISTORTION 


EQUIVALENT INPUT NOISE VOL- VERSUS FREQUEN 


TAGE VERSUS FREQUENCY 


7) 


Y 


x PVcc= +t15V 
isi 2 o«4} Ay=1 
w Oo el(rms) =6 V 
O-= ‘= 
2\r 4 
a> 2 -—— 
Zc QO 004+— 
bu = | 
20 2 
wi < re) Ss 
a5 F3 001-—= oF 
29 d = 1 +7 
5 <I 9004 +— 1 a “lb 
fe, i | 
uy < ez =a 
Feil HLM | 
10 40 100 400 1k 4k 10k 40k 100k 100 400 4k 10k 40k 100k 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88TLO71-16 E88TL071-17 
PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage follower. Figure 2 : Gain-of-10 inverting amplifier. 


E88TL071-20 E88TL071-21 


TYPICAL APPLICATIONS 


(0.5 Hz) SQUARE WAVE OSCILLATOR HIGH Q NOTCH FILTER 


Rp = 100 kQ 


= 1kHz 


es en 
~2%R1C1 


C1 =c2= Se 110 pF 


R1 = R2= 2R3 =1.5 MQ 


E88TL071-18 


E88TLO71-19 


(7, SGS-THOMSON fo as See 
IF mcRoELectROmeS as 


TLO71-TLO71A-TLO71B 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC MICROPACKAGE (SO) 


f Outputs 


(1) Nominal dimension 
(2) Exact geometrical dimension 


popes 


8/9 
eh i ga a f SGS-THOMSO 
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TLO71-TLO71A-TLO71B 


TO-99 — METAL CAN 


12,7 min. 


ROvtputs 


20 PINS — TRICECOP (LCC) 


| 
Output n°] 


20 Outputs 


(G7 SGS-THOMSON Be ee ek So 
I7 wcRoELecrRomes : 
11 


{ 7g 2G8S-"1HOMSON TLO72 
7 icROELECTRONICS TL072A-TLO72B 


LOW NOISE J-FET INPUT DUAL OP—AMPs 


pe 


s LOW POWER CONSUMPTION 

a WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

» LOW INPUT BIAS AND OFFSET CURRENT 

u LOW NOISE Vn = 18 nV /V Hz (typ) 

a OUTPUT SHORT-CIRCUIT PROTECTION 

a HIGH INPUT IMPEDANCE J-FET INPUT 


DIP8 TO-99 
STAGE (Plastic package) (Metal can) 
» LOW HARMONIC DISTORTION : 0.01 % (typ) 
a INTERNAL FREQUENCY COMPENSATION 
a LATCH UP FREE OPERATION 
=» HIGH SLEW RATE : 13 V/us (typ) oe 
D GC t 
SO8 LCC20 
(Plastic micropackage) (Tricecop LCC ) 


ORDER CODES 


Package 
Part Number Temperature 
Range 


TLO72M — 55°C to+ 125°C 
TLO72I — 40°C to+ 105°C 
TLO72C 0 °C to + 70°C 
TLO72AC 0 °C to + 70 °C 
TLO72BC 0 °C to + 70°C 


DESCRIPTION 


The TLO72, TLO72A and TLO72B are high speed 
J-FET input dual operational amplifiers incorpora- 
ting well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 


The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempera- 
ture coefficient. 


Note : Hi-Rel Versions Available 
Examples : TLO072 MH, TLO72 CN 


PIN CONNECTIONS (Top views) 


TO-99 


3 22019 
18 


-NC 

- Non-inverting input 
-NC 

-NC 

- Inverting input - Inverting input 
-NC -NC 

- Non-inverting input - Output 

-NC -NC 

-NC -NC 

-Vec -Véc 


1 - Output 5 -Non-inverting input 
2 - Inverting input 6 - Inverting input 

3 - Non-inverting input 7 - Output 

4-Voc 8-Vcc 


1- 
2- 
3- 
4- 
5 
6 
7 
8 
9 
0 


—_ 
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TLO72-TLO72A-TLO72B 


MAXIMUM RATINGS 


Conit 
: 
3 


Diff Input Voltage (note 2) + 30 
fo Phate 2 Power Dissipation 680 m 
Vd Output Short-circuit Duration (note 4) Indefinite 


Toper Operating Free-air Temperature Range °C 
TLO72C, AC, BC 
TLO72l, BI — 40 to 105 
TLO72M — 55 to 125 


Storage Temperature Range — 65 to 150 


Notes : 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the ze- 
ro reference level is the midpoint between Voc and Vec. 
2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever ts less 
4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 


SCHEMATIC DIAGRAM 


Non-inverting 
input a 

Inverting 
input a 


E88TLO72-01 


*LCC20 : Other pins are not connected. 


2/9 ka SGS-THOMSON 
: S/ MICROELECTRONICS 
14 


ELECTRICAL CHARACTERISTICS 


Vcc = + 15 V (unless otherwise specified) 

TLO72M >- 55°C < Tambs + 125°C 
TLO72I, BI >- 40 °C < Tambs + 105°C 
TLO72C, AC, BC: O°C< Tambs+ 70°C 


Parameter 


Input Offset Voltage 
Tamb = 25 °C (Rs < 10 kQ) 
TLO72BI, BC 
Tmin < Tamb s Tmax 
TLO72Bl, BC 


Input Offset Voltage Drift 


Input Offset Current * 
Tamb = 25 °C 
Tmin S Tamb S$ Tmax 


Input Bias Current * 
Tams = 25 2¢ 
Tmin = Tamb s Tmax 


Large Signal Voltage Gain 
(Ru 2 2 kQ, Vo = + 10 V) 
Tamb = 25 °C 
Tmin < Tamb = Tmax 


Supply Voltage Rejection Ratio 
(Rs $ 10 kQ) 

Tamb = 25 °C 

Tmin < Tamb < Tmax 


Tmin < Tamb S Tmax 


Input Voltage Range 


Common Mode Rejection Ratio 
(Rs $ 10 kQ) 
Tamb = 25 °C 
Trin < Tamb = Tmax 
Output Short-circuit Current 
Tamb = 25 °C 
Tmin S$ Tamb S Tmax 


Supply Current, per Amp, no Load 
Tamb _ 25 °C 


Avd 
SVR 
Vi 
CMR 
+ V Output Voltage Swing 

Tamb = 25 °C 
Tmin < Tamb < Tmax 
Sve Slew-rate (V, = 10 V, Ry = 2 kQ 
Cy. < 100 pF, Tamb = 25 °C, unity gain) 
Rise Time 


(V,; = 20 mV, Ri = 2 kQ 
C. = 100 pF, Tamb = 25 °C, unity gain) 


IV IV WV IV 


TLO72-TLO72A-TLO72B 


TLO72M, I, BI 
TLO72BC, AC 


now vo 


* The input bias currents are junction leakage currents wich approximatevely double for every 10 °C increase in the junction temperature. 
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TLO72-TLO72A-TLO72B 


ELECTRICAL CHARACTERISTICS (continued) 


TLO72M, I, BI TLO72C 
TLO72BC, AC 


Overshoot (V, = 20 mV, Ri, = 2 kQ % 
Le ee < 100 pF, Tamb = 25 °C, unity gain) eae 10 


GBP Gain Bandwidth Product 
(f = 100 kHz, Tamp = 25 °C 


Vin = 10 mV, Ry = 2 kQ, Cy, = 100 pF) 
TLO82BI, BC 


THD Total Harmonic Distortion 


(f = 1 kHz, Ay = 20 GB, RL = 2 kQ 
CL s< 100 pF, Tamb = 25 a O Vo = 2 Vop) 


Equivalent Input Noise Voltage nV/VHz 
(f = 1 kHz, Ee a za 


Phase | PhaseMargn = stsi—i‘isSCidY | | Degrees 


oe Channel Separation 
Ava = 100, Tamb = 25 °C 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 4 VOLTAGE VERSUS FREQUENCY 


A A ae 
TT Te 
sige ccf. | 


AA ai a 


| Hiillivec = +5 vif ah 
aa Ra a It an 


OH OU 


SC TI 

Rae i 
Kt 

CICA TTINTTTING 


VOLTAGE (V) 
on 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (Vv) 
r 
MAXIMUM PEAK TO PEAK OUTPUT 


100 lk 10 k 100 k 1M 10M 100 1k 10 k 100 k 1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88TL072-02 E88TL072-03 
re eee (7 SGS-THOMSON 
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TLO72-TLO72A-TLO72B 


TYPICAL CHARACTERISTICS (continued) 


MAXIMUM PEAK TO PEAK OUPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


INPUT BIAS CURRENT (nA) 


30 


aT ANG a 
. NIL 
Tame = «125°C NIU TIN Tif 


Cheam . . 
40k 100k 400k 1M 
FREQUENCY (Hz) 


0 
10k 4M 10M 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


E88TL072-04 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 
RESISTANCE 


EE Cee 
tt SEES Se Co CE CEE? 


02 04 07:1 #2 4 #7 
LOAD RESISTANCE (kQ) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


E88TLO72-06 


INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 


TEMPERATURE (°C) 


E88TL072-08 


kyy 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


Tazo TT 
pre 
= p—— | 


0 See fiqure 2 
-7§ -50 -25 O 25 SO 75 100 125 
TEMPERATURE (°C} 
E88TL072-05 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 
VOLTAGE 


Ry = 10 kf 
Tamb os: + 25°C 


0 2 4 6 8 10 
SUPPLY VOLTAGE (V) 


E88TLO72-07 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE 


1 000 

oe 
4 700 ae = et Oe 
& 400 oe ae 
_ Sar das 

waa 
—_ =m 
K> 70 =< 
SS 40 p= 

> 
a 20 ee 

Le 
FO 10 — 
au 7 — 
i 4 oa oes 
ut came (eee 
a Lee 
75 -50 -25 0 25 SO 75 100° 125 

TEMPERATURE (°C) areas 
SGS-THOMSON 25 
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TLO72-TLO72A-TLO72B 


TYPICAL CHARACTERISTICS (continued) 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 
PHASE SHIFT VERSUS FREQUENCY 


1 

104 DIFFERENTIAL 
VOLTAGE 

AMPLIFICATION 


103 ai ee (left scale) 


PHASE SHIFT 
(right scale) 


DIFFERENTIAL VOLTAGE 
AMPLIFICATION (V/mv) 


PHASE SHIFT (degrees) 
TOTAL POWER DISSIPATION (mW) 


180 
1 10 100 tk 10k 100k 1M 10M 


FREQUENCY (Hz) 
E88TLO72-10 


SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 


No signal 


SUPPLY CURRENT (mA) 
COMMON MODE REJECTION RATIO 


ce] 
TEMPERATURE (°C) p97) 979.49 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


> 
~” 
oO _ 
> 
= £E 
5 O 
> <q 
b b 
f S 
pa ] 
O 5 
a o. 
< 5 
= re) 
ae | 
a, 
z 
hang i) 0.5 1 1.5 2 2.5 3 3.5 
TIME ( 
us) E88TLO72-14 
6/9 (7 SGS-THOMSON 
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(dB) 


TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 


No signal 
No load 


-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


E88TL072-11 


COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 


Vec=+15V 
Ry = 10 kQ 


TEMPERATURE (°C) 
E88TL072-13 


OUTPUT VOLTAGE VERSUS TIME 


Tamb = +25°C 
0 O01 02 03 04 O5 O06 0.7 
TIME (ys) 


E88TL072-15 


TLO72-TLO72A-TLO72B 


TYPICAL CHARACTERISTICS (continued) 


TOTAL HARMONIC DISTORTION 


EQUIVALENT INPUT NOISE VOL- VERSUS FREQUENCY 


TAGE VERSUS FREQUENCY 


70 


s S553: 
veces ay x sess 
Beaast 
w  —s«-«&O Ay = 10 = messi 
” Re- 1002 = El{rms) = 6 V Basti 
o~ \ S - a 
aN Tepe 125°C = Ltame= 25] TMM TUT 
= oe se 
: “Att ht b jMiiiiess 
SE ott 2 HE 
re aM rie : Hie 
20 30 bo! — = 2 
ge TT a Tt g + HE 
<4 2 UM TT a = ees ssiiii 
3” THI AL UT = coat HH id 
a ie iz ae nn Ast! 
* UUM UL i S ont LL CET 
, © ooo _L LIM 1 LT 
10 40 100 400 tk 4k 10k 40k 100k 100 400 Ik &k 10k 40k 100k 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88TL072-16 E88TL072-17 
PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage follower. Figure 2 : Gain-of-10 inverting amplifier. 


E88TLO72-19 


TYPICAL APPLICATION 


QUADRATURE OSCILLATOR 
1N 4148 


88.4 kx2 


1N 4148 


E88TLO72-18 


* These resistor values may be adjusted for a symmetrical output. 
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TLO72-TLO72A-TLO72B 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


(14) Nominal dimension 
(2) Exact geometrical dimension 


a 


8 Outputs 
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TLO72-TLO72A-TLO72B 


T0-99 — METAL CAN 


12,7 min. 


POutpurs 


20 PINS — TRICECOP (LCC) 


20 Outputs 
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TLO74 


ky7 hed Lg TLO74A-TLO74B 


MICROELECTRONICS 


LOW NOISE J-FET INPUT QUAD OP—AMPs 


a LOW POWER CONSUMPTION 

a WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

a LOW INPUT BIAS AND OFFSET CURRENT So 

» LOW NOISE Vn = 18 nV WV Hz (typ) 

a OUTPUT SHORT-CIRCUIT PROTECTION Gc 

a HIGH INPUT IMPEDANCE J-FET INPUT . er 
STAGE 

ma LOW HARMONIC DISTORTION : 0.01 % (typ) 

» INTERNAL FREQUENCY COMPENSATION 

a LATCH UP FREE OPERATION J 

a» HIGH SLEW RATE : 13 V/s (typ.) CERDIP14 

(Cerdip package) 


DIP14 (Tricecop - LCC) 


(Plastic package) 


<A 


D 
S014 
(Plastic micropackage) 


ORDER CODES 


T t 
seme] a” fea 


TLO74M — 55°C to + 125 °C 
TLO74I —- 40°C to+ 105°C 
TLO74C 0 °C to + 70 °C 
TLO74AC 0 °C to + 70 °C 
TLO74BC 0 °C to + 70 °C 


DESCRIPTION 


The TL074, TLO74A and TLO74B are high speed 
J-FET input quad operational amplifiers incorpora- 
ting well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 


The devices feature high slew rates, low input bias 


and offset currents, and low offset voltage tempe- 


rature coefficient. 


OONDAAWN— 


-Output 1 

-Inverting input 4 
-Non-inverting input 1 
-Vec 

-Non-inverting input 2 
- Inverting input 2 

- Output 2 

-Output 3 

- Inverting input 3 
-Non-inverting input 3 
-Véc 

-Non-inverting input 4 
- Inverting input 4 

- Output 4 


PIN CONNECTIONS (Top views) 


DIP14 
CERDIP14 


9 10 1112 13 


- Inverting input 1 
- Non-inverting input 1 
-NC 


Note : Hi-Rel Versions Available 
Examples : TL0O74 MJ, TLO74 IN 


-Non-inverting input 2 
-Inverting input 2 


- Inverting input 3 
-Non-inverting input 3 
NC 


-Vcc 

-NC 

- Non-inverting input 4 
- Inverting input 4 
-Output 4 
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TLO74-TLO74A-TLO74B 


MAXIMUM RATINGS 


Symbol 
Supply Voltage (note 1) 


Output Short-circuit Duration (note 4) Indefinite i al 


Toper Operating Free-air Temperature Range °C 
TLO74C, AC, BC 
TLO74I, BI — 40 to 105 
TLO74M — 55 to 125 


Storage Temperature Range — 65 to 150 


Notes: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc and Vcc. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3 The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever ts less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 


SCHEMATIC DIAGRAM 


Non-inverting 
input i 


Inverting ] 
input 


1/4 TLO74 


E88TL074-01 
DIP14 


Inverting Non-inverting ée + 

}oupute | Mvering | Noncinvertmg | ve | vee | 
CERDIP14 1, 7, 8, 14 2,6, 9, 13 358) 10,12 11 4 

$014 


LCC20 2,10, 12,20 | 3,9,13,19 | 4,8, 14, 18 


*LCC20 . Other pins are not connected. 
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TLO74-TLO74A-TLO74B 


ELECTRICAL CHARACTERISTICS 


Vcc = + 15 V (unless otherwise specified) 
TLO74M -- 55 °C < Tamb 
TLO74I, BI :— = °C < Tamb S$ + 105 °C 
TLO74C, AC, BC: °C < Tamb $+ 70°C 


TLO74M, I, BI TLO74C 
Symbol Parameter TLO74BC, AC 


Vio Input Offset Voltage 
Tamb = 25 °C (Rs < 10 kQ) 
TLO74Bl, BC 


- 125: C 


IA IA IA 


Tmin < Tamb < Tmax 


TLO74BI, BC 


Input Offset Voltage Drift 


Input Offset Current * 

Tamb = 25 °C 

Tmin < Tamb S$ Tmax 
Input Bras Current * 

Tamb = 25 °C 

Tmin s Tamb = Tmax 
Large Signal Voltage Gain 
(R_ = 2 kQ, Vo = + 10 V) 

Lamb = 25 °C 

Tmin < Tamb a Tmax 


Supply Voltage Rejection Ratio 
(Rs $< 10 kQ) 

Tamb = 25 °C 

Tmin < Tamb = Tmax 


Supply Current, per Amp, no Load 
Tamb = 25 °C 
Tmin < Tamb s Tmax 


Input Voltage Range 


Common Mode Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 
Tmin s Tamb s Tmax 


Output Short-circuit Current 
Tamb = 25 °C 
Tmin Ss Tamb = Tmax 


Output Voltage Swing 
Tamb es 25 °C 


Tmin & Tamb © Tmax 


Slew-rate (V, = 10 V, Ry = 2 kQ 
Cr. < 100 pF, Tamp = 25 °C, unity gain) 


Rise Time 
(V; = 20 mV, R_ = 2 kQ. 
Cr. = 100 pF, Tamp = 25 °C, unity gain) 


* The input bias currents are junction leakage currents wich approximatevely double for every 10 °C increase in the junction temperature 
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TLO74-TLO74A-TLO74B 


ELECTRICAL CHARACTERISTICS (continued) 


Pees 1, BI TLO74C 
Symbol! Parameter Frac Pees 
Overshoot (V, = 20 mV, Ri = 2 kQ % 
oe < 100 pF, Tamb = 25 °C, unity gain) 10 10 


Gain Bandwidth Product 
(f = 100 KHZ, Tampb = 25 °C 

Vin = 10 mV, Ry = 2 kQ, Cy = 100 pF) 
TLO74Bl, BC 


Input Resistance (Tamp = 25 °C) 


Total Harmonic Distortion 
(f = 1 kHz, Ay = 20 dB, R, = 2 kQ 
CL < 100 pF, Tamb = 25 2c. Vo =2 Vpp) 


Equivalent Input Noise Voltage nV/VHz 
ae kHz, eee oe eal os 


Phase | PhaseMargn = ssi‘sSCSY |__| Degrees | 


= Channel Separation 
Avd = 100, Tamb = 25 °C 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 45 VOLTAGE VERSUS FREQUENCY 


TT 


See figure 2 


= - 
2 2 
A x 
is ds = 
Se LU lvcc= 210 vil VT | I ts Afi 
rg 15 sail mai 1 ama@an o O15 eee & 
a3 wa BB a 3 Iii 
-¢ 10 ws 10 |] i 
= lilvce= +5. ahi f = 
> COMO I 5 MM aa 
a a SLUM AIM HUNT IN 
= it) = 0 | ‘tt 
100 Tk 10 k& 100 k 1M 10M 100 1k 10 k 100 k 1M ‘10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
E88TLO74-02 E88TL074-03 
4/10 “ 
——______—____—_—_—— {yj S6S-THOMSON 


926 


TYPICAL 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


INPUT BIAS CURRENT (nA) 


CHARACTERISTICS (continued) 


MAXIMUM PEAK TO PEAK OUPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 


ur 


NUTINI 


Tamb= + 12sec N Uiil|| 
AHH = 


1Ok 40k 100k 400k 1M 4M 10M 
FREQUENCY (Hz) 


E88TLO74-04 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 
RESISTANCE 


Vec=1t15V 
Tamb = + 25°C 
See figure 2 


0 
01 02 O04 07 1 #2 4 7 
LOAD RESISTANCE (k2) 


E88TL074-06 


INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 


100 ——_—_—_—_-} __—__—__s—_—_—__¥-_—__F————__—_F—_—_—_ F¥—__—_} 
4 
aa ees 
it ileal 
——— 
-——_} — 
pf te 
SS 
ae Cy SS Sa ee ee 
P| ana Wie a 0 


ST A! CE i es 
2S EE EE ey EE Se Gee, 


| 


TEMPERATURE (°C) 


E88TL074-08 


DIFFERENTIAL VOLTAGE AMPLI- 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAX!MUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


FICATION (V/mV) 


" SON 
LST ee eonce 


i eee 
25 


-75 -50 -25 0O 


TLO74-TLO74A-TLO74B 


MAX!IMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


Vcc= +15 V 
See fiqure 2 
25 S50 75 100 125 
TEMPERATURE (°C} 

E88TL074-05 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 
VOLTAGE 


0 2 4 6 8 10 12 14 16 


SUPPLY VOLTAGE (V) 
E88TLO74-07 


LARGE SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION VERSUS 


FREE-AIR TEMPERATURE 


75 -50 -25 O 25 5O 75 100 125 


TEMPERATURE (° 
“ Esc E88TL074-09 
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TLO74-TLO74A-TLO74B 


TYPICAL CHARACTERISTICS (continued) 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 
PHASE SHIFT VERSUS FREQUENCY 
106 
Vcc= +5 Vto t15V 
ioSfLL I RL = 10 ea 
Tamb = +25°C 


{ | | 
DIFFERENTIAL 
VOLTAGE 
\ AMPLIFICATION 
(left scale) 


PHASE SHIFT (degrees) 


PHASE SHIFT 
(right scale) 


DIFFERENTIAL VOLTAGE 
AMPLIFICATION (V/mvV) 
=) 

[S) 


FREQUENCY (Hz) 


E88TL074-10 


SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 


SUPPLY CURRENT (mA) 


TEMPERATURE (°C) 
E88TL074-12 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 


TOTAL POWER DISSIPATION (mW) 


75 -50 -25~-0 25 50 75 100 125 
TEMPERATURE (°C) 
E88TL074-11 


COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 


COMMON MODE REJECTION RATIO 


83 
-75 -50 -25 0 25 5O 75 100 125 
TEMPERATURE (°C) 


E88TL074-13 


OUTPUT VOLTAGE VERSUS TIME 


> 
[7] 
i - 
> 
é £ 
Oo o 
> <q 
kK F 
 ) | 
E 4 
pan) 
Oo 5 
Z F 
Kk Oo 
p= 
: Oo O01 02 03 04 O58 O06 O07 
TIME (us) 
o E88TLO74-14 TIME (us) E88TL074-15 
ee ee ee {7 SGS-THOMSON 
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TLO74-TLO74A-TLO74B 


TYPICAL CHARACTERISTICS (continued) 


TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 


EQUIVALENT INPUT NOISE VOL- 
TAGE VERSUS FREQUENCY 


(%) NOILHOLSIO DINOWHVH TVWLOL 


+ 25°C 


Vec= £15 V 
Tamb = 


(2HAVAY) SDVLIOA 
JSION LOAN! LNSIVAINDOSA 


100 k 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


E88TLO74-17 


E88TLO74-16 


PARAMETER MEASUREMENT INFORMATION 


Figure 1 : Voltage follower. 


10 inverting amplifier. 


Figure 2 : Gain-of- 
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TLO74-TLO74A-TLO74B 


TYPICAL APPLICATIONS 


8/10 


930 


AUDIO DISTRIBUTION AMPLIFIER 
fo = 100 kHz 


E88TLO74-20 


POSITIVE FEEDBACK BANDPASS-FILTER 


Q-69 
Gain = 16 


e 
Ground 


E88TL074-21 


OUTPUT A OUTPUT B 


E88TLO74-23 E88TL074-22 


2 kHz /div 2 kHz /div 
SECOND ORDER BANDPASS FILTER CASCADED BANDPASS FILTER 
fo = 100 kHz; Q = 69; Gain = 16 fo = 100 kHz; QO = 30; Gain = 4 
Ss SGS-THOMSON 
MICROELECTRONICS 


TLO74-TLO74A-TLO74B 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) Exact geometrical dimension 


1 4 Outputs 


1 4 Outputs 
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TLO74-TLO74A-TLO74B 


20 PINS — TRICECOP (LCC) 


ieell 


|| bane, 
Sy 
ieee 
Hei 


fy ts 
oe 
ah 
ae 


20 Outputs 
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f SGS-THOMSON TLO81 
SF WicROELECTROMICS TL081A-TLO81B 


J-FET INPUT SINGLE OP—AMPs 


a LOW POWER CONSUMPTION 

a WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

a LOW INPUT BIAS AND OFFSET CURRENT 

a OUTPUT SHORT-CIRCUIT PROTECTION 

e HIGH INPUT IMPEDANCE J-FET INPUT 
STAGE 

: Pes eee (Plastic package) (Metal can) 


=m HIGH SLEW RATE : 13 V/us (typ) 


D GC 
SO8 LCC20 
(Plastic micropackage) (Tricecop - LCC) 


ORDER CODES 


Temperature | Package —i| 
Range | N | H | D |ac| 


DESCRIPTION 


The TLO81, TLO81A and TLO81C are high speed TLO82M ~ 55 °C to + 125 °C 
J-FET input single operational amplifiers incorpo- TLOB2I pee ae G 
rating well matched, high voltage J-FET and bipo- siessaa pine we 

7 ‘ . . . . s : O+ 
lar transistors in a monolithic integrated circuit. TLO82BC 0°Cto+70°C 


The devices feature high slew rates, low input bias 
and offset current, and low offset voltage tempera- 
ture coefficient. 


Note : Hi-Rel Versions Available 
Examples : TLO82CD, TLO82MGC, TLO82IN 


PIN CONNECTIONS (Top views) 


TO-99 


-NC -NC 
-Balance : - Balance 


- Inverting input 
-NC 

-Non-inverting input 
-NC 

-NC 

-Vcc 


5 -Balance 1 -Balance 

6 - Output 2 - Inverting input 
7-Véc 3 -Non-inverting input 
8-NC 4-Vcc 


i 
2 
3. 
4- 
5 
6 
7 
8 
9 
0 
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TLO81-TLO81A-TLO81B 


MAXIMUM RATINGS 


ON 
[—[outpt Shor-oreut Buaton fate) Sito 


Toper Operating Free Air Temperature Range ag 
TLO82C, AC, BC 0 to + 70 
TLO82l, Bi — 40 to + 105 
TLO82M — 55 to + 125 


= 65 t0 + 150 


Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc and Vcc. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 


Storage Temperature Range 


SCHEMATIC DIAGRAM 


Non-inverting 
input L | 

inverting 
input L 


INPUT OFFSET VOLTAGE 
NULL CIRCUITS 


TLOS1 
Ni N2 
100 kn 
Vcc 
E88TLO81-01 


inverting Non-inverting + = 
| case | Balance | inverting | Nominverting | ouput | vie | vee | uc. | 
DIP8 

1,5 2 3 7 4 


Pe ee I 


“LCC20 : Other pins are not connected. 
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TL081-TL081A-TLO81B 


ELECTRICAL CHARACTERISTICS 
Vcc =+ 15 V (unless otherwise specified) 


TLO81M >— 55°C < Tamb $ + 125 °C 
TLO81I, BI "—~40 °C < Tamb < + 105°C 
TLO81C, AC, BC: 0°C < Tamb < + 70°C 


TLO82N, I, BI 
Parameter TLO82BC, AC 


Input Offset Voltage 
Tamb = 25 °C (Rs < 10 kQ) 
TLO82BI, BC 
Tmin = Tamb < Tmax 


Input Offset Voltage Drift 


Input Offset Current * 
Tarn = 25 °¢ 
Tmin = Tamb S Tmax 


TLO82BI, BC 


Input Bias Current * 
Tamb = 25 °C 
Tmin < Tamb < + 70 °C 


Large Signal Voltage Gain 
(Rr 2 2 kQ, Vo = + 10 V) 
Tamb = 25 °C 
Tmin S$ Tamb $ Tmax 
Supply Voltage Rejection Ratio 
(Rs $ 10 kQ) 
Tamb = 25 °C 
Tmin S Tamb S$ Tmax 


Supply Current, per Amp, no Load 
Tamb = 25 °C : : 1.4 2.5 
Tmin S Tamb < Tmax 25 
Common Mode Rejection Ratio 
(Rs s 10 kQ) 
Tamb = 25 °C 
Tmin S$ Tamb S$ Tmax 
Output Short-circuit Current 


Tamb = 25 °C 
Tmin S Tamb S Tmax 


Output Voltage Swing 
Painb = 25 wt & 


Tmin < Tamb © Tmax 


Slew-rate (V; = 10 V, RL = 2 kQ 

Cri < 100 pF, Tamb = 25 °C, unity gain) 
Rise Time 

(V; = 20 mV, Ry = 2 kQ 

C. = 100 pF, Tamb = 25 °C, unity gain) 


* The input bias currents are junction leakage currents wich approximatevely double for every 10 °C increase in the junction temperature. 
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TLO81-TLO81A-TLO81B 


ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Overshoot (V; = 20 mV, Ry = 2 kQ 
C. < 100 pF, Tamp = 25 °C, unity gain) 


Gain Bandwidth Product 
VIN = 


10 mV, RL = 2 kQ, Cy = 100 pF) 
TLO82BI, BC 
Input Resistance (Tamb = 25 °C) 


Total Harmonic Distortion 

(f = 1 kHz, Ay = 20 dB, RL = 2 kQ 

Cr < 100 pF, Tamp = 25 °C, Vo = 2 Vpp) 
Equivalent Input Noise Voltage 

(f = 1 kHz, Rg = 100 Q) 

Phase Margin 


Vo1 /Vo2} Channel Separation Avd = 100, Tamb = 25 ° 


4+ 
< 
O 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


: ill a a " 
eT I AN See figure 2 
a a 

18 nest om 


“oT il) a 


Ul =i TN 


ET 


100 1k 10 k 


an 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 
MAXIMUM PEAK TO PEAK OUTPUT 


100 k 1M 


10M 
FREQUENCY (Hz) 


E88TLO71-02 
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oe ae I, BI 
ote AC 


» Tlecc= 5 


VOLTAGE (V) 


TLO82C 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


Hf} Ru = 10 ko 


CTT TMM TTI Tamb = +25°C 
I See figure 2 


TT Il 
HL 
ACCA 


10k 100k %%M 10M 
FREQUENCY (Hz) 


ui 
aaa a ee 
aun 
— 


~ OS 
3 
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TLO81-TLO81A-TLO81B 


TYPICAL CHARACTERISTICS (continued) 


MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


| 
_ J] LTA TN 


Tamb= +125°C ¥ 
\ 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 
MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


FREQUENCY (Hz) TEMPERATURE (°C) 
E88TLO71-04 E88TL071-05 
MAXIMUM PEAK TO PEAK OUTPUT MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD VOLTAGE VERSUS SUPPLY 
RESISTANCE VOLTAGE 


Ry =10 kt 
Tamb = +25°C 


Tl 
wail 
7 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


0 
01 02 O04 071 2 4 #710 0 2 4 6 8 10 12 14 16 
LOAD RESISTANCE (k&) SUPPLY VOLTAGE (Vv) 
E88TLO71-06 E88TL071-07 


LARGE SIGNAL DIFFERENTIAL 


INPUT BIAS CURRENT VERSUS VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


38 


400 


FICATION (V/mV) 
& 


INPUT BIAS CURRENT (nA) 


DIFFERENTIAL VOLTAGE AMPLI-— 


5 


-—75 -50 -25 0 25 SO 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
E88TLO71-08 E88TL071-09 
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TLO81-TLO81A-TLO81B 


TYPICAL CHARACTERISTICS (continued) 


DIFFERENTIAL VOLTAGE 
AMPLIFICATION (V/mvV) 


SUPPLY CURRENT (mA) 


COMMON aaa an ION RATIO 
dB 
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938 


LARGE SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION AND 
PHASE SHIFT VERSUS FREQUENCY 


DIFFERENTIAL 
VOLTAGE 
AMPLIFICATION 


(left scale) 


PHASE SHIFT 
(right scale) 


10 100 1k 10k 100k 1M 10M 
FREQUENCY (Hz) 
E88TLO71-10 


SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 


-55 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 
E88TL071-12 


COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 


-50 -—25 (e) 25 SO 75 100 125 
TEMPERATURE (°C) 


E88TL071-13 


ky 


(degrees) 


PHASE SHIFT 


SGS-THOMSON 
MICROELECTRONICS 


TOTAL POWER DISSIPATION (mW) 


SUPPLY CURRENT (mA) 


TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 


Vcec=+t15V 


No signal 


ERATURE (°C) 
E88TL071-11 


4% 
m 
= 
To 


SUPPLY CURRENT PER AMPLIFIER 
VERSUS SUPPLY VOLTAGE 


INPUT AND OUTPUT VOLTAGES (V) 


0 2 4 6 8 10 12 14 16 


SUPPLY VOLTAGE (V) 
E88TL081-02 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


G 05 1 15 2 25 3 35 
TIME (us) 


E88TLO7 1-14 


TL081-TL081A-TL081B 


TYPICAL CHARACTERISTICS (continued) 


EQUIVALENT INPUT NOISE VOL- 
TAGE VERSUS FREQUENCY 


OUTPUT VOLTAGE VERSUS TIME 


(ZH/N/AY) ADVLIOA 
aS! LAGNI LNATIVAINOSA 


(AW) ZDVLIOA LNdLNO 


+25°C 


— 


Tamb 
03 04 O.5 06 0.7 


TIME (us) 


40 k 100k 


E88TL071-16 


FREQUENCY (Hz) 


E88TLO71-15 


TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 


a 8 
3 (o) 4 3 
aad fo) fo) 


(%) NOILHYOLSIG SINOWYVH TVWLOL 


FREQUENCY (Hz) 
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TL081-TL081A-TLO81B 


PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage follower. Figure 2 : Gain-of-10 inverting amplifier. 


Lc.- 


100 pF 


E88TL081-05 E88TL081-06 


TYPICAL APPLICATIONS 


(0.5 Hz) SQUARE WAVE OSCILLATOR HIGH Q NOTCH FILTER 


Re= 100 k&2 


fo= 1 =1kH 
O- ST RICI 


C3 


C1 =C2 ma aa 110 pF 


R1 = R2= 2R3 =1.5M3s2 


E88TLO81-04 


E88TL081-03 
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TLO81-TLO81A-TL081B 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


(1) Nominal dimension 
(2) Exact geometrical dimension 


ee a 


f Outputs 
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TL081-TLO81A-TLO81B 


20 PINS — TRICECOP (LCC) 


1.86 max. 


8,74 
0 


20 Outputs 


TO-99 — METAL CAN 


mm 
9.39 
Pin 
4,20 @ 7.75 1.27 max. 
4,69 
12,7 min. 
8 Outputs 
0,508 
aa fe SGS-THOMsON 
MICROELECTRONICS 
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{ SGS-THOMSON TLO82 
SF iwicROELECTRONICS TL082A-TLO82B 


J—-FET INPUT DUAL OP—AMPs 


a LOW POWER CONSUMPTION 

» WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

=a LOW INPUT BIAS AND OFFSET CURRENT 

mw OUTPUT SHORT-CIRCUIT PROTECTION 

» HIGH INPUT IMPEDANCE J—-FET INPUT 
STAGE 

» INTERNAL FREQUENCY COMPENSATION 

m LATCH UP FREE OPERATION 

mw HIGH SLEW RATE : 13 V/ps (typ) 


N H 
DIP8 TO-99 
(Plastic package) (Metal can) 


D GC 
SO8 LCC20 
(Plastic micropackage) (Tricecop - LCC) 


ORDER CODES 


Package 
Temperature 
Range 


TLO82M — 55 °C to + 125 °C 
TLO82! — 40 °C to + 105 °C 
TLO82C 0 °C to + 70 °C 
TLO82AC 0 °C to + 70 °C 
TLO82BC 0 °C to + 70 °C 


DESCRIPTION 


The TLO82, TLO82A and TLO82B are high speed 
J—FET input dual operational amplifiers incorpora- 
ting well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 

The devices feature high slew rates, low input bias 


and offset current, and low offset voltage tempera- 
ture coefficient. 


Note : Hi-Rel Versions Available 
Examples : TLO82CD, TLO82MGC, TLO82IN 


PIN CONNECTIONS (Top views) 
TO-99 Lcc20 


-NC -NC 
- Output (1) - Non-inverting input (2) 


-Inverting input (1) - Inverting input (2) 
-NC -NC 
-Non-inverting input (1) - Output (2) 

-NC -NC 

-NC -NC 

-Vec -Véc 


1 - Output (1) 5 -Non-inverting input (2) 
2 - Inverting input (1) 6 - Inverting input (2) 

3 -Non-inverting input (1) 7 - Output (2) 

4-Vec 8-Véc 


{ 
2 
3- 
Ass 
5 
6 
7 
8 
9 
0 
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TLO82-TLO82A-TLO82B 


MAXIMUM RATINGS 


ON 0 
[output Shor-creut Buaton fate) SSS atin 


Toper Operating Free Air Temperature Range 6G 
TLO82C, AC, BC 
TLO82I, BI - 40 to + 105 
TLO82M -— 55 to + 125 


Storage Temperature Range — 65 to + 150 


Notes :1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Véc and Vec. 


2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded. 


SCHEMATIC DIAGRAM 


Non-inverting 
input | 


Inverting 
input 


1/2 TLO82 


E88TL082-01 


Case Inverting Non-inverting 
Inputs Inputs 
DIP8 
hth 3, 5 2,6 


2e47 fete 5, 15 


4 


*“LCC20 : Other pins are not connected. 
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TL082-TLO82A-TLO82B 


ELECTRICAL CHARACTERISTICS 


Vcc =+ 15 V (unless otherwise specified) 

TLO82M >~ 55 °C < Tamb $ + 125°C 
TLO82I, BI >—- 40 °C < Tamb $ + 105 °C 
TLO82C, AC, BC: O°C< Tam << + 70°C 


TLO82M, I, BI rpaae 
Symbol Parameter TLO82BC, AC 


Input Offset Voltage 
Tapas = 25 od @ (Rs < 10 kQ) 
TLO82BI, BC 


IA 


Tmin s Tamb < Tmax 
TLO82BI, BC 


Input Offset Current * 
Tamb = 25 °C 
Tmin S Tamb S Tmax 


Input Bias Current * 
Tamb = 25 26 
Tah < Tamm <+ 70 °C 


Large Signal Voltage Gain 
(Ri 2 2 kQ, Vo = + 10 V) 
Tamb = 25 °C 
Tmin < Tamb S$ Tmax 


Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin < Tamb < Tmax 


Supply Current, per Amp, no Load 
Tamb = 25 °C 
Tmin S Tamb S Tmax 


Input Voltage Range 


Common Mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb = 25 °C 
Tmin s Tamb = Tmax 
Output Short-circuit Current 
Tamb = 25 °C 
Tmin < Tamb $ Tmax 


Output Voltage Swing 
Tamb _ 25 °C 


Tmin < Tamb S$ Tmax 


IV IV IV IV 


Slew-rate (V; = 10 V, Rr = 2 kQ 
Cy. < 100 pF, Tamb = 25 °C, unity gain) 


Rise Time 
(V; = 20 mV, R, = 2 kQ 
Cy. = 100 pF, Tamb = 25 °C, unity gain) 


* The input bias currents are junction leakage currents wich approximatevely double for every 10 °C increase in the junction temperature 
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TLO82-TLO82A-TLO82B 
ELECTRICAL CHARACTERISTICS (continued) 
ee neni i ‘oe 
Parameter TLO82BC, AC 
ae os Ge 
Overshoot (V; = 20 mV, RL = 2 kQ % 
Cri < 100 pF, Tamb = 25 °C, unity gain) 10 10 


Gain Bandwidth Product 
(f = 100 kHz, amb = 25 °C 


Symbol 


Vin = 10 mV, Ry = 2 kQ, Cy = 100 pF) 
TLO82BI, BC 


Total Harmonic Distortion 
(f = 1 kHz, Ay = 20 dB, Ri = 2 kQ 
CL < 100 pF, Tamb = 25 °C, Vo = 2 Vpp) 


ln I id 
(f = 1 kHz, af aus Q) 15 
Lee Ca a oe Ce ae Ee eS ae 8 oe 
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TYPICAL CHARACTERISTICS 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


HM il Ft 


fee = vl TNT 
treo 


‘LM ELI 


wn 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 
r 


100 10 k 100 k 1M 10M 


" ER EQUENCY (Hz) 


E88TL072-02 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


Vec=+15V 
See figure 2 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


Oo 


10k 40k 100k 400k 1M 4M 10M 


FREQUENCY (Hz) 


E88TL072-04 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 
RESISTANCE 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


O01 02 O04 07 1 7 
LOAD RESISTANCE (eo) 


E88TLO72-06 


ky 


0 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


30 


TL082-TLO82A-TLO082B 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


co 15 VI Fe= 1 


T % ° 
Mi i wl amb= + 25°C 


ee Figure 2 
iim + 
ATI iN 


0 
100 1k 10k 100k 1M 10M 
FREQUENCY (Hz) 


E88TLO72-03 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 


25 


-75 -50 -25 0 25 50 $78 100 125 
TEMPERATURE (°C) 


E88TLO72-05 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 
VOLTAGE 


8 
QO 


SUPP 


r 


Y VOLTAGE (V) 
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TLO82-TLO82A-TLO82B 


TYPICAL CHARACTERISTICS (continued) 


LARGE SIGNAL DIFFERENTIAL 
INPUT BIAS CURRENT VERSUS VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


I SS = —— = 
= 700 SSS SS 
Z & «oof FF 
E OS es oe = ee Oe Be a 
f= w= 
& oe ee a Se 
fos t> 70 —— ———- ——s = a an a Oo, or 
2 Oz 40 
” 42 20 
< Le 
mo SC 1) Sens oe ee Se eS eS 
5 AT w 7 CED ES ei 
re oc 4 
Fa iL 
re 2}Vo 
o 1 
“50-25 0 2 S50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
E88TL072-08 E88TL072-09 
LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND TOTAL POWER DISSIPATION VERSUS 
PHASE SHIFT VERSUS FREQUENCY FREE-AIR TEMPERATURE 
106 = 
Vec=+£5V to +15V = 
w= 105 Ry = 10 kD E 
~~ t ' ’ o — 
oH 104 DIFFERENTIAL 40 6=— » 
>2 VOLTAGE = a. 
22 AMPLIFICATION 3 R 
= ee (left scale) 45 = ral 
ze r ; 
— w 
cx 102 90 pe of = 
WB w re) 
ae PHASE SHIFT 7 a 
o- «(10 (right scale) 35 < 
r i 
a je) 
, 180 a 
1 10 100 1k 0k 100k 1M 10M -75 -50 -25 0O 25 50 75 100 125 
FREQUENCY (Hz) TEMPERATURE (°C) 
E88TL072-10 E88TL072-11 
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE VERSUS SUPPLY VOLTAGE 


z sd 
= rs 
5 5 
uJ w 
cr c 
c rs 
3 o 
7 2 
a. a 
Ss a 
a a 
TEMPERATURE (°C) SUPPLY VOLTAGE (V) 
E88TL072-12 E88TL082-02 
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TLO82-TLO82A-TLO82B 


TYPICAL CHARACTERISTICS (continued) 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 


© vz N °o N y © 


(A) SADVLIOA LNdLNO ANV LONI 


(GP) 
OlLV¥ NOILOaraY JGOW NOWWOO 


PA 
(As 
5 1 


Bic 
ae 
L/ 
a 
aa 
i 


100 125 


75 


TEMPERATURE (°C) 


TIME (us) 


E88TLO72-14 


E88TL072-13 


EQUIVALENT INPUT NOISE VOL- 
TAGE VERSUS FREQUENCY 


OUTPUT VOLTAGE VERSUS TIME 


(ZEH/YAY) ADVLIOA 
3SION LNdNI LNAIVAINOSA 


(AW) AOVLIOA LNdLNO 


+25°C 


02 03 04 O5 O06 O07 


Tamb 


4k 10k 40k 100k 


FREQUENCY (Hz) 


400 tk 


100 


40 


10 


TIME (us) 


E88TLO72-16 


E88TLO72-15 


TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 


es ee — 8 
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TL082-TLO82A-TLO82B 


PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage follower. Figure 2 : Gain-of-10 inverting amplifier. 


E88TLO82-04 E88TL082-05 


TYPICAL APPLICATION 


QUADRATURE OSCILLATOR 


18 k&2"* 
IN 4148 39 -15 V 


88.4 kD 


88.4 k82 | 


E88TLO82-03 


i ae ae fa, SGS-THOMSON 
S/ if MICROELECTRONICS 
950 


TL082-TLO82A-TL082B 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC MICROPACKAGE (SO) 


8 Outputs 


(1) Nominal dimension 
(2) Exact geometrical dimension 


aaa 
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TLO82-TLO82A-TL082B 


20 PINS - TRICECOP (LCC) 


20 Outputs 


TO-99 — METAL CAN 


Herpes 


MOO ge a Se fj SGS-THOMSON 
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TLO84 


Ae eee TLOS4A-TLO84B 


MICROELECTRONICS 


J-FET INPUT QUAD OP-AMPs 


a LOW POWER CONSUMPTION 

a WIDE COMMON-MODE AND DIFFERENTIAL 
VOLTAGE RANGE 

a» LOW INPUT BIAS AND OFFSET CURRENT 

a OUTPUT SHORT-CIRCUIT PROTECTION 

» HIGH INPUT IMPEDANCE J-FET INPUT 
STAGE 

« INTERNAL FREQUENCY COMPENSATION 

ws LATCH UP FREE OPERATION 

a HIGH SLEW RATE : 13 V/us (typ) 


DESCRIPTION 


The TL084, TLO84A and TLO84B are high speed 
J-FET input quad operational ‘amplifiers incorpora- 
ting well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 


The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempe- 
rature coefficient. 


oe 


GC 
LCC20 


N : 
pip14 (Tricecop (LCC)) 


(Plastic package) 
J 


CERDIP14 
(Cerdip package) 


(Plastic micropackage) 


ORDER CODES 


TLO84C 0 °C to + 70 °C 


Temperature | Package 

Part Number 

Par numer Range | N | | [ac 
TLO84M — 55 °C to + 125 °C 
TLO84AC 0 °C to+ 70°C 
TLO84BC 0°C to + 70°C 


TLO84I — 40 °C to + 105 °C 
Note : Hi-Rel Versions Available 
Examples : TLO84MGC, TLO84CN, TLO84CD 


PIN CONNECTIONS (Top views) 


DIP14 
CERDIP14 


-Output 1 

-Inverting input 1 
-Non-inverting input 1 
-Véc 

-Non-inverting input 2 
- Inverting input 2 
-Output 2 

- Output 3 

-Inverting input 3 


OOANODOaRWN 


LCC20 


-Véc 

-NC 

- Non-inverting input 2 
17 - Inverting input 2 


2 2019 
18 


16 


15 
14 
9 10 1112 13 - Inverting input 3 
- Non-inverting input 3 
-NC 


-Non-inverting input 3 
-Vcc 

-Non-inverting input 4 
-Inverting input 4 

- Output 4 


December 1988 


-NC 

-Output 1 

- Inverting input 1 
-Non-invertng input 1 
-NC 


-Vec 

-NC 

- Non-inverting input 4 
- Inverting input 4 

- Output 4 
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TLO84-TLO84A-TLO84B 


MAXIMUM RATINGS 


: 
Vip 


Power Dissipation 


hea I Output Short-circuit Duration (note 4) 


Toper Operating Free-air Temperature Range 
TLO84C, AC, BC 
TLO84I, BI — 40 to 105 
TLO84M — 55 to 125 


Storage Temperature Range — 65 to 150 


Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Véc and Vec. 
2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever ts less. 


4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis- 
sipation rating is not exceeded 


SCHEMATIC (each amplifier) 


Non-.inverting 


input & 


1/4 TLO84 


E88TL084-01 


N.C. 


Gace Inverting Non-inverting View 
Inputs Inputs 


DIP14 
CERDIP14 1,7, 14, 8 2, 6, 13, 9 3, 5, 12, 10 4 
$O14 


LCC20 2, 10, 12, 20 3, 9, 13, 19 4, 8, 14, 18 


*LCC20 : Other pins are not connected 
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TL084-TL084A-TLO84B 


ELECTRICAL CHARACTERISTICS 
Vcc =+ 15 V (unless otherwise specified) 


TLO84M >- 55 °C < Tamb $ + 125 °C 
TLO84I, BI >- 40°C < Tamb $ + 105 °C 
TLO84C, AC,BC: O°C< Tamb << + 70°C 


TLO84M, I, BI 
Parameter TLO84BC, AC 


Input Offset Voltage 
Tamb = 25 °C (Rs < 10 kQ) 
TLO84BI, BC 
Tmin < Tamb S$ Tmax 


TLO84BI, BC 


Input Offset Current * 
Tart = 25 °C 
Tin < Tamb s Tmax 


Input Bias Current * 
Tamb = 25 °C 
Tmin S Tamb S Tmax 


Large Signal Voltage Gain 
(RL > 2 kQ, Vo = + 10 V) 
Tamb = 25 °C 
Tmin < Tamb < Tmax 


Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin S$ Tamb s Tmax 


Supply Current, per Amp, no Load 
Lamb = 25 °C 


Tin < Tamb = Tmax 


Common Mode Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin S Tamb S$ Tmax 


Output Short-circuit Current 
Tamb = 25 °C 


Tmin < Tamb < Tmax 


Output Voltage Swing 
Tani = 25 °C 


Tmin < Tamb S Tmax 


IV IV IV IV 


Slew-rate (V, = 10 V, Ry = 2 kQ 

Cr. < 100 pF, Tamb = 25 °C, unity gain) 
Rise Time 

(V, = 20 mV, Rx = 2 kQ 

Cr = 100 pF, Tamb = 25 °C, unity gain) 


* The input bias currents are junction leakage currents wich approximatevely double for every 10 °C increase tn the junction temperature 
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TLO84-TLO84A-TLO84B 


ELECTRICAL CHARACTERISTICS 


TLO84M, I, BI TLo84c 
Symbol Parameter err AC 
| Typ. | Max. | Min. | Typ. | Max. 
Overshoot (V, = 20 mV, Rx = 2 kQ % 
ae < 100 pF, Tamb = 25 °C, unity gain) 10 10 


Gain Bandwidth Product 

(f = 100 kHz, Tamp = 25 °C 

Vin = 10 mV, Re = 2 kQ, Cy, = 100 pF) 
TLO84Bl, BC 


ae Input Resistance (Tamb = 25 °C) 


Total Harmonic Distortion 
(f = 1 kHz, Ay = 20 dB, Ry = 2 kQ 
CL < 100 pF, Tam = 25 as OF Vo =2 V pp) 


Equivalent Input Noise Voltage nV/VHz 
(f = 1 kHz, Rg = 100 Q) oe a 


Phase Margin | | Degrees | 


a Channel Separation 
Ava = 100, ‘lamb = 25 °C 
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TYPICAL CHARACTERISTICS 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


ty bs 
ani 
We AB 


TT AU 


BI eee ul 


PGB): RDN) a BN. 


SUT IME TH THIN 


100 «1k = 10k 100k = 1M~—s1OM 
FREQUENCY (Hz) 


15} 


10 


E88TL074-02 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


ill i ‘Tt 


Tans 1 ‘ HA 

CTE TT 
tf iN H 

LT NMI UT 


21 a 
10k 40k 100k 400k 1M 4M 10M 


FREQUENCY (Hz) 


E88TLO74-04 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 
RESISTANCE 


rit 
weil sill \| 
t Hill 
fill 
lll 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE (V) 


” lee='F is VI 


0 
100 Tk 10 k 100 & 1M 10M 


-75 -50 -25 O 


TLO84-TLO84A-TL084B 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 


Ry = 10 kQ 1 


TT Tamb= + 25°C 
i Figure 2 


ian AU 
A a i I 


FREQUENCY (Hz) 
E88TL074-03 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 


25 5O 75 100 125 
TEMPERATURE (°C) 
E88TL074-05 


MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 
VOLTAGE 


01 0.2 0.4 O.7 1 7 10 8 
LOAD RESISTA 
ST see ay eee SUPPLY VOLTAGE (V) E88TLO74-07 
ITI SGS-THOMSON fee a A eee eae eT 
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TL084-TLO84A-TLO84B 


TYPICAL CHARACTERISTICS (continued) 


INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 


DIFFERENTIAL VOLTAGE 
AMPLIFICATION (V/mvV) 


SUPPLY CURRENT (mA) 


TEMPERATURE (°C) 
E88TLO74-08 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 
PHASE SHIFT VERSUS FREQUENCY 
Voc- £5 V to +15V 


DIFFERENTIAL VOLTAGE AMPLI— 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 
FREE-AIR TEMPERATURE 


FICATION (V/mvV) 


-75 -50 -25 O 25 5O 75 100 125 
TEMPERATURE (°C) 


E88TL074-09 


TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 


= 
108 Ry =10 kt £ 
Tamb = +25°C _ S 
1 I @ — 
104 DIFFERENTIAL 40 =O E 
VOLTAGE D o. 
5 AMPLIFICATION & Y 
10 (left scale) a rs 
Ec oc 
102 90 x > 
¥ 
; PHASE SHIFT _ oD 4 
" (right scale) q q 
ie a = 
a. (e] 
1 7 180 rF oO 
Y 10 100 Ik 10k 100k 1M 10M -75 -50 -25 0 25 SO 75 100 125 
FREQUENCY (Hz) TEMPERATURE (°C) 
ee eae E88TLO74-11 
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE VERSUS SUPPLY VOLTAGE 
q 
E 
j 
= 
tu 
x 
cc 
) 
oO 
> 
a | 
a 
a. 
=] 
” 
oa 
TEMPERATURE (°C) 337 074.10 SUPPLY VOLTAGE (V) £357) o94.09 
iy SGS-THOMSON 
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TL084-TLO84A-TLO84B 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 


TYPICAL CHARACTERISTICS (continued) 
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TLO84-TLO84A-TLO84B 


PARAMETER MEASUREMENT INFORMATION 
Figure 1 : Voltage follower. Figure 2 : Gain-of-10 inverting amplifier. 


E88TL084-03 E88TL084-04 


TYPICAL APPLICATION 


AUDIO DISTRIBUTION AMPLIFIER 
fo = 100 kHz 


O Output A 


O Output B 


O Output C 


E88TL084-05 


ae ance ee ee es {7 SGS-THOMSON 
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TL084-TLO84A-TLO84B 


TYPICAL APPLICATION (continued) 
POSITIVE FEEDBACK BANDPASS FILTER 


16 kQ 


fo = 100 kHz 


¢@ 
Output B 


OO) 
Ground 
Output A 


E88TL074-21 


OUTPUT A OUTPUT B 


E88TL074-23 E88TLO74-22 
2 kHz /div 2 kHz /div 


SECOND ORDER BANDPASS FILTER CASCADED BANDPASS FILTER 
fo = 100 kHz; Q = 30; Gain = 4 fo = 100 KHz; Q = 69; Gain = 16 


(7, SGS-THOMSON 
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TLO84-TLO84A-TLO84B 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) Exact geometrical dimension 


your's 


1 4 Outputs 
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TLO84-TLO84A-TL084B 


20 PINS — TRICECOP (LCC) 


20 Outputs 
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TL7700A 
Series 


ky, SGS-THOMSON 
>/ tre Pl sai 


SUPPLY VOLTAGE SUPERVISORS 


» POWER-ON RESET GENERATOR 

» AUTOMATIC RESET GENERATION AFTER 
VOLTAGE DROP 

uw WIDE SUPPLY VOLTAGE RANGE ... 3 V TO 
18 V 

a PRECISION VOLTAGE SENSOR 

a TEMPERATURE-COMPENSATED VOLTAGE 
REFERENCE 

a TRUE AND COMPLEMENT RESET OUTPUTS 

m EXTERNALLY ADJUSTABLE PULSE WIDTH 


DESCRIPTION 


The TL7700A series are monolithic integrated cir- 
cuit supply voltage supervisors specifically desi- 
gned for use as reset controllers in microcomputer 
and microprocessor systems. During power-up the 
device tests the supply voltage and keeps the RE- 
SET and RESET outputs active (high and low, res- 
pectively) as long as the supply voltage has not rea- 
ched its nominal voltage value. Taking RESIN low 
has the same effect. To ensure that the microcom- 
puter system has reset, the TL7700A then initiates 
an internal time delay that delays the return of the 
reset outputs to their inactive states. Since the time 
delay for most microcomputers and microproces- 


BLOCK DIAGRAM 


(See Note A) 


sors is in the order of several machine cycles, the 
device internal time delay is determined by an ex- 
ternal time delay is determined by an external capa- 
citor connected to the Cr input (pin 3). 


t¢=1.3x10*x Cr 


Where : Cr is in farads (F) and tain seconds (s). In 
addition, when the supply voltage drops below the 
nominal value, the outputs will be active until the 
supply voltage returns to the nominal value. An ex- 
ternal capacitor (typically 0.1 uF) must be connec- 
ted to the REF output (pin 1) to reduce the influence 
of fast transients in the supply voltage. 


The TL7700AI series is characterized for operation 
from — 25°C to 85°C ; the TL7700AC series is cha- 
racterized from 0°C to 70°C. 


<a 


iid 


Plastic Minidip 


35-6037 


* TL7702A R1 = 09, R2 = open; TL7705A R1 = 7.8 KQ, R2 = 10 KQ ; TL7709A Al = 19.7 KQ, R2 = 10 KQ ; TL7712A R1 = 32.7 KQ, R2 = 10 KQ ; 


TL7715A R1 = 43.4 KQ, R2 = 10 KQ 


September 1988 
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TL7700A-Series 


ABSOLUTE MAXIMUM RATINGS 


Symbol] Parameter | ate nit 
oe Supply Voltage, Vec_(see note 1) ___20__} v 
vi Input Voltage Range at RESIN ake ae ee 


Input Voltage at SENSE: TL7702A (see note 2) 
TL7705A 
TL7709A 

TL7712A 

TL7715A 


| lox | High-level Output Current at RESET = 80} mA 
are Low-level Output Current at RESET a ee ee 


Tamb | Operating Free-air Temperature Range : TL77XXAI — 25 to 85 °C 
TL77XXAC 0 to 70 aa 


Storage Temperature Range -— 65 to 150 


Notes: 1. All voltage values are with respect to the network ground terminal. 
2. For the TL7700A, the voltage applied to the SENSE terminal must never exceed Vs. 


< 


< 


<<<<< 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 
ad High-level Input Voltage at RESIN Peele te ce ae Wd 
| Vu_| Low-level Input Voltage at RESIN, | | 
Vi Voltage at Sense Input /TL7702a = (si*s| | See Note 3 | 
Tusa | oo Tt 
Sic ee ae ae ee a 
ptizziaa | | OC 
EAT Sea a 
Se ae ene ee ae ee ae 
Low-level | Low-level Output Current at RESET Current at RESET Tier ae es aa ee 
Tamb | Operating Free-air Temperature Range /TL77-aAl = | -25 | 5 CSd 
ia (mur Ae | 0 70 | 


Note: 3. For proper operation of the TL7702A, the voltage applied to the SENSE terminal should not exceed Vs — 1 V or 6 V, whichever is 


less. 
Temperature Plastic 
Range Minidip 
Commercial 
0 to 70 °C TL77XXACP TL77XXACD 
Industrial 
~ 40 to 85 °C TL77XXAIP TL77XXAID 


CONNECTION DIAGRAM AND ORDER CODE 
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TL7700A-Series 


THERMAL DATA 


Thermal Resistance Junction-ambient Max. 120 


ELECTRICAL CHARACTERISTICS these specifications unless otherwise specified, apply for : 
Tamb = — 25 to 85 TC (TLXXAI) ; Tamp = 0 to 70 © (TL77XXAC) 


| Von | High-level Output Voltage at RESET | lon =- 16 mA 5] 
| Vow Low-Level Output Voltage at RESET | lo. =16 mA a aa 


Threshold Voltage at 
SENSE Input 


TLT7O2A ee xs 


Vou 
Vot 
Vr | Threshold Voltage at TL7702A 

peer TL7705A 
Vrs, Vr- | Hysteresis (2) at SENSE 
Input 
eaph = 25 2G 
TL7712A eer 
Input Current at RESIN Input V,=2.4 V to Vs PT 
P| = 100 | 


T = 25 °C 
TL7712A| 2" 
Input Current at SENSE 
ae ae 


tox | Low-level Output Current at RESET [Vo-oV+(| (| +d = 80 
[1s [Supply Curent ~~~ A Inputs andhout open | 18 [| as | ma 


TL7709A | Vs = 3.6 V to 18 V v 
TL7712A 
Notes: 1. All characteristics are measured with C = 0.1 uF from Pin 1 to GND, and with C = 0.1 pF from Pin 3 to GND. 
2. Hysteresis is the difference between the positive going input threshold voltage. Vr., and the negative going input threshold voltage, 


TL7715A 
Vr. 
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TL7700A-Series 


SWITCHING CHARACTERISTICS 


Symbol Test Conditions 


Pulse Width at SENSE Input Vinh = Vityp + 0.04 x V, 
Vit = Vityp Te 0.04 X V, 
| tpi__| Pulse Width at RESIN Input re 
Pulse Width at Output C; = 0.1 uF 


todHL Propagation Delay Time from RESIN | C_ =100 pF Vs =5 V 
to RESET R_ =4.7 KQ 


tr Rise/Falltime at RESET and RESET CL =10pF Vs=5V 1 Ls 
Ri = 4.7 KQ 


22Kn| Vs 
SENSE 
5 pee ae 
RESET RESIN RESET arsier 
TL7712 TL7705 
REF El e REF 
GND GND 


Figure 2 : Reset Controller for pP. 


Vg 
SENSE RESET 


RESIN 


TL7712 


$-8039 
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T$S271 


CMOS SINGLE OPERATIONAL AMPLIFIERS 


uw OFFSET NULL CAPABILITY (by external com- 
pensation) 


a SYMMETRICAL OUTPUT CURRENTS 
a» HIGH GAIN BANDWIDTH PRODUCT 
=» THE TRANSFER FUNCTION IS LINEAR 


» CONSUMPTION CURRENT AND DYNAMIC 
PARAMETERS ARE STABLE REGARDING 
THE VOLTAGE POWER SUPPLY VARIA- 
TIONS 


» DYNAMIC CHARACTERISTICS ADJUSTABLE 
BY Iset 


ma VERY LARGE Iset RANGE 


a» PINCOMPATIBLE TO SINGLE OPERATIONAL 
AMPLIFIER (UA776) 


» STABLE AND LOW OFFSET VOLTAGE 


» INTERNAL ELECTROSTATIC DISCHARGE 
(ESD) PROTECTION CIRCUITS 


» THREE INPUT OFFSET VOLTAGE SELEC- 
TIONS : STANDARD (10 mV), A (5 mV), 
B (2 mV) 


DESCRIPTION 


The TS271 is a low cost, low power single operatio- 
nal amplifier designed to operate with single or dual 
supplies. This operational amplifier uses the SGS- 
THOMSON Microelectronics silicon gate LIN MOS 
process giving it an excellent consumption-speed 
ratio. This amplifier is ideally suited for low 
consumption applications. 

The power supply is externally programmable with 
a resistor connected between pins 8 and 4. It-allows 
to choose the best consumption-speed ratio and the 
consumption can be minimized according to the 
needed speed. These devices are specified for the 
following Iset current values : 1.5 pA, 25 pA, 130 pA. 


The input impedance is similar to the J-FET input 
impedance : very high input impedance and extre- 
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap- 
plications. 


November 1988 


(Plastic Package) 


J 
CERDIP8 
(Cerdip Package) 


Net 


D 
$O8 
(Plastic Micropackage) 


(Order Codes at the end of the datasheet) 


PIN CONNECTIONS (top view) 


E88TS271-01 
— Offset null 1 
— Inverting input 
— Non-inverting input 
—VCC™ 
— Offset null 2 
— Output 
—Vec* 


—I set 
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T$271 


BLOCK DIAGRAM 


Output 


Output 
stage 


Iset Input 
E88TS271-02 


ABSOLUTE MAXIMUM RATINGS 


[Symbol] Parameter —~—OSC~“‘*‘~dsSCSC“‘“‘~*‘WSSSSSCSCS~*”C 
v 


Toper | Operating Free-air Temperature 


TS271C 0 to 70 


TS2711 - 40 to 105 


TS271M - 55 to 125 


Storage Temperature - 65 to 150 
| lst | Iser Range 1 to 200 


Notes:1. All voltage values, except differential voltages, are with respect to network ground terminal 
2. Differential voltages are at the noninverting input terminal with respect to the input terminal 
3 The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 


OPTIMAL OPERATING CONDITIONS 


Parameter 
| Voc _| 


Voc Supply Voltage (note 1) 
V; Common-mode Input Voltage Vcc = 10 V 
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TS271 


SCHEMATIC DIAGRAM 


S 
Cc 
_~ 
job) 
172] 
we 
o— 
O 


Set current 


E88TS271-03 
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TS271 


RESISTOR BIASING 


OFFSET VOLTAGE NULL CIRCUIT 


E88TS271-05 


Rset CONNECTED TO Vcc_ 


E88TS271-04 


OFFSET COMPENSATION GUARANTEED FOR 
TS271BCX (Iset > 25 pA), TS271ACX (Iset > 90 LA) 


(Reet VALUE : SEE FIG. 1) 


Rset CONNECTED 
TO GROUND 


rigure 1 : Rset Connected to Vcc. 


SS 


IM 
100k Q2 
TOK 22 


A 1OpA TOOpA Lge 


1p 


O 1pA 
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ky SGS-THOMSON 


4/10 


972 


T$271 


ELECTRICAL CHARACTERISTICS 
Tamb = 20 °C, Voc = 10 V, Ise = 1.5 WA (unless otherwise specified) 


R, Connected to Voc ~ 
a 
Vio Input Offset Voltage mV 
V5 =14V 
10 10 
12 12 
5 5 
Tin SS hina 6.5 6.5 
TS271B a 
Tmin < T < Tmax 
Sig Vg ets perai sie eneetolinpanVelages™ 1 e072 noe) ae 
Large Signal Voltage Gain 
Vo=1Vto6V 
V,=5V 
Ri =1mQ 


TS271 

Input Offset Current 
V,.=5V,V,=+5V 1 1 

T min <T< T max 100 200 

Tmn <I < T max 


Tmin < T < Tmax 
TS271A 
Input Bias Current pA 
V = 5 V ’ Vo = 5 V 1 1 
Tmin < T < Tmax 150 300 
Vou High Output Voltage (note 1) V 
V,=10 mV 8.8 8.8 
Ry =1mQ 
Tmin <T< T max 8.7 8.6 


fin = 10 KHz 


Aa mode Rejection Ratio 
v9 =14V 
=1Vto74V 
SVR° ca Voltage Rejection Ratio 
Voc =5 Vto10V 
Vio = 1.4 V 
lec Supply Current (per amplifier) 
Av = 1, no Load 15 15 
Vo = 5 V, V, ee 5 V 
Tin < T < Tmax 17 ea 
org Current 
ls ee Cinrenl 
<a =- 10 mV, Vo =Vec 35 


Siew Rate at Unity Gain Se es CT 


am Phase Margin at Unity Gain Degrees 
Ay = 40 dB 
Rp =1 MQ 
C, =10 pF 35 35 
C_ = 100 pF 10 10 
Kov Overshoot Factor %o 
Ci. = ue DF 70 70 
F =1 KHz 
Rs =10Q 


Note: 1. Low output voltage is less than 50mV 
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TS271 


ELECTRICAL CHARACTERISTICS 
Tamb = 2D °C, Voc = 10 V, leet = 25 LA (unless otherwise specified) 


R,_ Connected to Voc 7 
TS271C TS2711, TS271M 


Vio Input Offset Voltage mV 
Vo =14V 
TS271 10 
Tain <T< Dimay 12 
TS271A 5 
TS271B 2 
Tmin < T < Tmax 35 


Temperature Coefficient of Input Voltage | | 2 | | | 2 [| pvec) 


Wee Offset Current 
=5V, Vo=5V 
Tw < T < Tmax 


Input Bias Current 
V,=5V, Vo=5V 
Tai < T < Tmax 

Vou High Output Voltage (note 1) 
V,=10 mV 
Ry = 100KQ 
Timin < T < Tmax 


w | 
oO oO N 
co 
oN 
Ez 


Ava Large Signal Voltage Gain V/mV 
Vo=1Vto6V 50 30 50 
V,=5V 
Ri. = 100 KQ 
10 


Gwr Gain Bandwidth Product 
Ay = 40 dB 
a = 100 KQ 
= 100 pF 
a = 100 KHz 


oe oer Rejection Ratio 
Ve = 
5 v i 7.4V 


Supo Mee Fie Ratio 


Vcc =5 
Vea 


co) 


loc Supply Current (per amplifier) 
Ge = 1, no Load 


LA 
150 200 150 200 
T min <T< oe 250 300 


seer Current mA 
V,=10 mV, Vo =O V 85 45 85 


I; Bupa Current 
(Sink) V, =- 10 mV, Vo =Vec 
Svo Slew Rate at Unity Gain 


am Phase Margin at Unity Gain 
Ay = 40 dB 


Ri = 100 KQ 
C, =10 aoe 
C. = 100 pF 


Kov Overshoot Factor % 
Cy. =10 pF 30 30 
C. = 100 pF 50 50 


Va Input Equivalent Noise Voltage 38 38 nV/NHz 
F =1 KHz 
Rs =10 Q 


Note: 1. Low output voltage is less than 50mV. 
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TS271 


ELECTRICAL CHARACTERISTICS 
Tamb = 25 °C, Voc = 10 V, leet = 130 LA (unless otherwise specified) 


R, Connected to Voc 7 
TS271C TS2711, TS271M 


Vio Input Offset Voltage 
Vo =14V 

TS271 

Tmin < T < Tmax 
TS271A 

Tmin < T < Tmax 
TS271B 

Tmin < 1 < Tmax 


| (cea (eo ed | Vic | 
Vi =5V Vo =5V 1 | 
Tmin < Hl e Tmax 100 200 
V,=5V, Vo =5V 1 1 
Tmac<2) <1 was 150 300 


High Output Voltage (note 1) 
V,=10 mV 
Ri =10 KQ 
Tmin < T < Tmax 


Common-mode Rejection Ratio 
Vo =1.4V 


Supply Voltage Rejection Ratio 
Veco =5 Vto 10 V 70 
Vo = 1.4 V 


loc Supply Current (per amplifier) 
Ay = 1, no Load 


Vo =5V, V,=5V 
Tmin < T < Tmax 


Ce eee Pres Pavel 
V,=10 mV, Vo =0 V 45 85 45 85 

aa a ma 
areal =- 10 mV, Vo =Vcc 35 45 65 35 |. 45 65 


| Svo Si Rate at Unity Gain (Sa ee Dea 


Phase Margin at Unity Gain 
Ay = 40 dB 
Rp =10 KQ 


CL = F 

Koy Overshoot Factor % 
C. =10 pF 30 30 
C,. = 100 pF 30 30 

Vi Input Equivalent Noise Voltage V/VH; 
F =1 KHz 30 30 pre 
Rs = 10 Q 


Note: 1. Low output voltage is less than 50mV. 
ta, SGS-THOMSON 
Sf7 imcrozvectnowics 
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TS271 


GAIN (dB) 


Iset = 130 uA 


N 
= 
> 
oO 
2 
bb 
> 
oO 
Ww 
c 
ies 


10M 


1M 


100K 


10K 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 


E88TS271-07 


Voc t5V, Ry = 10 KQ, Cy =100 pF, Tamp = 25°C 


GAIN (dB) 


Iset= 25 LWA 


nx 
x= 
> 
oO 
2 
ee) 
a) 
o 
Ww 
og 
Lu. 


100K 


10K 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
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25°C 


Vcc +5 V, Ry = 100 K&2, Cy = 100 pF, Tamp 


PHASE 


GAIN (dB) 


Iset = 1.5 pA 


N 
= 
Pod 
O 
2 
Lu 
a) 
eo) 
Ww 
joa 
La 


1M 


100K 


10K 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 


E88TS271-09 


= 25°C 


Vec i 5V, Ry =1 MQ, Cr =100 pF, Tamb 
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ORDER CODES 


Part Number | Temperature eee 
Range °C 


TS271C 0 to + 70 
TS271AC 0 to + 70 
TS271BC 0 to + 70 
TS2711 - 40 to + 105 


TS271M - 55 to + 125 
TS271Al - 40 to + 105 
TS271AM - 55 to + 125 
TS271BIl - 40 to + 105 
TS271BM - aT ce to + 125 


| Examples : 7S271 ACN, TS271CD ¥S271 ACN, TS271 CD 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP OR CERDIP 


(1) Nomina! dimension 
(2) True geometncal position 


8 pins 


G7 SGS-THOMSO eh es 
S/ i eer nei 
977 


T8271 


PACKAGE MECHANICAL DATA (continued) 
8 PINS — PLASTIC MICROPACKAGE SO 


8 Outputs 
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TS272 
TS27M2/TS27L2 


CMOS DUAL OPERATIONAL AMPLIFIERS 


mw EXCELLENT PHASE MARGIN ON CAPACI- 
TANCE LOADS 


a SYMMETRICAL OUTPUT CURRENTS 


» HIGH GAIN BANDWIDTH PRODUCT FOR 
TS272 


» LOW OUTPUT DYNAMIC IMPEDANCE 
a THE TRANSFER FUNCTION IS LINEAR 


ws PINCOMPATIBLE TO STANDARD DUAL OPE- 
RATIONAL AMPLIFIERS (TLO82 - LM358) 


a STABLE AND LOW OFFSET VOLTAGE 


a INTERNAL ELECTROSTATIC DISCHARGE 
(ESD) PROTECTION CIRCUITS 


a THREE INPUT OFFSET VOLTAGE SELEC- 
TIONS : STANDARD (10 mv), A (5 mV), 
B (2 mV) 


DESCRIPTION 


The TS272 series are low cost, low power dual ope- 
rational amplifiers designed to operate with single 
or dual supplies. These operational amplifiers use 
the SGS THOMSON Microelectronics silicon gate 
LIN MOS process giving them an_ excellent 
consumption speed ratio. These series are ideally 
suited for low consumption applications. 


Three power consumptions are available allowing 

to have always the best consumption-speed ratio. 

¢ Icc=10.A per amplifier : TS27L2 (Low bias ver- 
sions) 

¢ Icc = 150 WA per amplifier : TS27M2 (Medium 
bias versions) 

¢ Icc = 1 MA per amplifier : TS272 (High bias ver- 
sions) 


The input impedance is similar to the J-FET input 
impedance. Very high input impedance and extre- 
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap- 
plications. 


November 1988 


N 
DIP8 
(Plastic package) 


J 
CERDIP8 
(Cerdip package) 


1¢l 


D 
SO8 
(Plastic micropackage) 


(Order Codes at the end of the Data sheet) 


PIN CONNECTIONS (top view) 


E88TS272-01 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
= ViGc™ 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Vec* 


ONonhwaND — 
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TS272/TS27M2/TS27L2 


BLOCK DIAGRAM 


Output 


E88TS272-02 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
he Mee. | Supply Voltage (note 1) 


Voc 
Differential Input Voltage (note 2) 
Vi 


Pe a Input Voltage (note 3) 


Toper | Operating Free-air Temperature 

TS272C 

TS272l ~- 40 to 105 
TS272M - 55 to 125 
TS27M2C 0 to 70 
TS27M2l — 40 to 105 
TS27M2M — 55 to 125 
TS27L2C 0 to 70 
TS27L2! — 40 to 105 
TS27L2M — 55 to 125 


Notes : 1. All voltage values, except differential voltages, are with respect to network ground terminal 
2 Differential voltages are at the non-inverting input terminal respect to the terminal 
3 The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage 


OPTIMAL OPERATING CONDITIONS 


Supply Voltage (note 1) 
V, 


nt Me ad Common Mode Input Voltage Vcc = 10 V 


2/10 
a ee SGS- 
' 57 Ss5:2Homson 
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SCHEMATIC DIAGRAM (For 1/2 TS27x2) 
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TS272/TS27M2/TS27L2 


ELECTRICAL CHARACTERISTICS FOR TS272 
Tamb = 20 °C, Voc = 10 V (unless otherwise specified) 


R, Connected to Veco — 
TS272C TS$2721/TS272M 


Vio Input Offset Voltage 
Vo = 1 4 V 

T8272 

Tmin < T < Tmax 
TS272A 

Tmin < T < Tmax 
TS272B 

Tmin < T < Tmax 


ici e ae eee BE eS 
Input Offset Current 
P| t : : r : : : Pott d tt bee fa. 
Tmin< T < Tmax 0.1 0.2 nA 
Input ah wee 
ee < a < s 0.15 0.3 nA 


High Output Voltage (note 1) 
V,=10 mV 

Rit =10 kQ 

T min < T < Tmax 


Ava Large Signal Voltage Gain 
Vo=1Vto6V 
V, = 5 V 
Ry, = 10 KQ 
Tmin < T < Tmax 


Gwr Gain Bandwidth Product 
Ay = 40 dB 
in 10 kQ 
100 pF 
Fin = = 200 KHz 


CMR Common Mode Rejection Ratio 65 65 
Vo =1.4V 
Vi,=1Vto74V 
SVR Supply Voltage Rejection Ratio 70 70 
Veco =5 Vto 10 V 
Vo = 1.4 V 


loc Supply Current (per amplifier) 
Ay =1, no Load 


Vo =5V 
Tmin < T <T max 


Output Current 
Vi =10 mV, Vo =0V 45 
nae Current any fad 
(sink) =-— 10 mV, Vo =Vec 35 45 35 45 


a Rate at Unity Gain 


Phase Margin at Unity Gain 
Ay = 40 dB 


Overshoot Factor 


Vn Input Equivalent Noise Voltage 30 a — 2 
f=1 KHz 
Rs =10Q9 


Cross Talk Attenuation Fg MO, See Ike es OO ae ae] 


Note: 1. Low output voltage is less than 50mV. 
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TS272/TS27M2/TS27L2 


ELECTRICAL CHARACTERISTICS FOR TS27M2 
Tamb = 2D °C, Voc = 10 V (unless otherwise specified) 
R, Connected to Veco ~ 


| Min. | Typ. | Max. | Min. | Typ. | Max. | 


Vig Input Offset Voltage mV 
l 10 
Tmin < T < Tmax 12 
TS27M2A 5 
Tmin < T< T max , 6.5 
TS27M2B 2 
Temiace = Linay ; 3.5 
Temperature Coefficient of Input Voltage | =| 2 | | | 2 | | pvrec. 
Input Offset Current 
V,=5V, Vo =5V 1 1 pA 
Tmin < T < Tmax 0.1 0.2 nA 
Input Bias Current 
V,=5V, Vo, =5V 1 1 pA 
Tmin <T< Tmax 0.15 0.3 nA 
V High Output Voltage (note 1) 
Ri = 100 kQ 
Tau <T< Tanax 
Large Signal Voltage Gain 
Vo =1Vto6V 
Tmin < T< Tmax 
Gain Bandwidth Product 
A, = 40dB 
Ri. = 100 kQ 
C._ =100 pF 
Fin = 100 KHz 


Supply Voltage Rejection Ratio 
Vcc =5 Vto'10 V 
Vo = 1.4 V 


Supply Current (per amplifier) 
Ay = 1, no Load 

o= 5 V 
Tmin < T < Tmax 


Output Current 
V,=10 mV, Vo =O V 


Output Current mA 
(sink) V, =- 10 mV, Vo = Vec 35 45 65 35 45 65 
| Svo__| Slew Rate at Unity Gain a i 


g Phase Margin at Unity Gain 


DH 

Ava 

Gwr 
MR 
VR 

Cc 

ls 

Svo 

m 


Vi Input Equivalent Noise Voltage 38 38 nV/NHz 
f = 1 KHz 
Rs =10Q 


Cross Talk Attenuation 


Note: 1. Low output voltage is less than 50mV 
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TS272/TS27M2/TS27L2 


ELECTRICAL CHARACTERISTICS FOR TS27L2 
Tamb = 29 °C, Voc = 10 V (unless otherwise specified) 
R,_ Connected to Vcc — 


ee 
| Min. | Typ. | Max. | Min. | Typ. | Max._ 
10 


Input Offset Voltage 

Vo = 1.4 V 

TS27L2 10 
Tmin < T <T max 12 
TS27L2A 5 
T min <T< T max . 6.5 
TS27L2B 2 
Tan < T < Tee 


30 3.5 

a Vio Temperature Coefficient of Input p= p-fo (cia 
Voltage 
Input Offset Current 
V.=5V,V,=5V pA 
Tmin < T < Tmax nA 
Input Bias Current 
V,=5V, Vo =5V pA 
Tmin < T < Tmax = 


High Output Voltage (note 1) 
V,=10mvV 

RL = 1MQ 
Tmin < T < Tmax 


Tmin <T<T max 
Gain Bandwidth Product 


Gwr 


Ay = 40 dB 
Rr= 1MQ 
Cy = 100 pF 


Fin = 100 KHz 


Common — Rejection Ratio 65 65 
Vo = 1.4 
V,=1V 74 V 
Supply Voltage Rejection Ratio 
Mas =5Vto10V 
Vo = 1 4 V 


Supply Current (per amplifier) 

Ay = 1, no Load 
=5V 

Tmin< T < Tmax 


C* Teeiar alee tele bel S 
V,.=10 mV, V, =0V 45 85 45 85 
ea ela le le lale 
aa V,=-10mMmV, Vo =Vcc 35 45 65 35 45 65 
, | vs _| 


Slew Rate at Unit Gain 


| Koy _| Overshoot Factor 


pie Perey Noise Voltage —*— 
oe = os ra 


[Vo1/Voa| Cross Talk Attenuation re, ee a De eee eee 
Note: 1. Low output voltage is less than 50mV 
6/10 
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TS272/TS27M2/TS27L2 


ICC (WA) 


1000 


100 


10 


SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vo = Vic = 0.2 Voc, T amb = 25 °C, NO LOAD eee 


ICC (pA) 


1000 


100 


TA (°C) 


SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vec = 10 V, Vic = 5 V, Vo = 5 V, NO LOAD 


E88TS272-05 


Ky Siteonecroncs 
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TS272/TS27M2/TS27L2 


GAIN(a@B) 
00 PHASE 
i 
TIN Ulin PHASE SHIFT (right scale} 
DYN SS 45 
: ic NTINUIT Til 
; ial. <i a . 
18272 IN, i i = 
ae i iil : 
oe | 
10 100 1000 10 000 100000 1000000 10000000 
FREQUENCY (Hz) 
OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT Eset 9 
Vcc = 10V, Ry = 1Ok2L_ = 100pF, Tamb = 25°C 881S272-06 
GAIN(aB) 
100 NUT PHASE 
80 ait TE LI Lull i) 
CL TST aah aT 
" TTA esa HIN. || | ; 
Bi! Nt lll | 
Bhi! Bi th 135 
— : | A TH 
| TAL LT Ll 7 
20 
1 10 100 1 000 10 000 100000 1000000 
FREQUENCY (Hz) 
OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Vec =10V, Ry = 100k, Cy = 100pF, Tamb = 25°C ~ —-E88TS272-07 
GAIN (dB) 
: SUN ll -_ 
80 Bin! St 4) 
60 CTT HT it 45 
40 90 
| Hi 135 
TS27L2 | 
0 180 
20 | 
1 10 100 1000 10000 100000 


FREQUENCY (Hz) 
OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Vcc = 10V, Ry = IMQ,C, = 100pF, Tamp = 25°C E88TS272-08 
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ORDER CODES 


Part Number rence ana Care 


Range °C 


TS272C 0 to 70 
TS272AC 0 to 70 
TS272BC 0 to 70 
TS272I - 40 to 105 
TS272M — 55 to 125 
TS27M2C 0 to 70 
TS27M2AC 0 to 70 
TS27M2BC 0 to 70 
TS27Ma2li — 40 to 105 
TS27M2M — 55 to 125 
TS27L2C 0 to 70 
TS27L2AC 0 to 70 
TS27L2BC 0 to 70 
TS27M2I — 40 to 105 
TS27L2M — 55 to 125 
TS272Al — 40 to 105 
TS272Bi - 40 to 105 
TS272AM — 55 to 125 
TS272BM — 55 to 125 
TS27M2Al — 40 to 105 
TS27M2BI - 40 to 105 
TS27L2AlI - 40 to 105 
TS27L2BI — 40 to 105 
TS27M2AM -— 55 to 125 
TS27M2BM - 55 to 125 
TS27L2AM — 55 to 125 
TS27L2BM — 55 to Cae eo ee 


| Examples : TS27L2ACN,TS272CD sid TS27L2ACN, TS272CD 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP OR CERDIP 


635 (1) 


{ -THOMSON 
>| | eee ores 


(1) Nominal dimension 
(2) True geometrical position 


TS272/TS27M2/TS27L2 


8 pins 
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PACKAGE MECHANICAL DATA (continued) 


~ 8 PINS - PLASTIC MICROPACKAGE SO 


8 Outputs 
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TS274 
TS27M4/TS27L4 


CMOS QUAD OPERATIONAL AMPLIFIERS 


a» EXCELLENT PHASE MARGIN ON CAPACI- 
TIVE LOADS 


a SYMMETRICAL OUTPUT CURRENTS 


» HIGH GAIN BANDWIDTH PRODUCT FOR 
TS274 


a LOW OUTPUT DYNAMIC IMPEDANCE 
» THE TRANSFER FUNCTION IS LINEAR 


» PIN COMPATIBLE TO STANDARD QUAD 
OPERATIONAL AMPLIFIERS (TLO84-LM324) 


a STABLE AND LOW OFFSET VOLTAGE 


a INTERNAL ELECTROSTATIC DISCHARGE 
(ESD) PROTECTION CIRCUITS 


s THREE INPUT OFFSET VOLTAGE SELEC- 
TIONS : STANDARD (10 mV), A (5 mV), 
B (2 mV) 


DESCRIPTION 


The TS274 series are low cost, low power quad ope- 
rational amplifiers designed to operate with single 
or dual supplies. These operational amplifiers use 
the SGS-THOMSON Microelectronics silicon gate 
LIN MOS process giving them an excellent 
consumption-speed ratio. These series are ideally 
suited for low consumption applications. 


Three power consumptions are available allowing 

to have always the best consumption-speed ratio. 

¢ Icc=10 pA per amplifier: TS27L4 (Low bias 
versions) 

¢ Icc = 150 LA per amplifier : TS27M4 (Medium 
bias versions) 

¢ Icc=1 MA per amplifier : TS274 (High bias ver- 
sions) 


The input impedance is similar to the J-FET input 
impedance : very high input inpedance and extre- 
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap- 
plications. 


November 1988 


(Plastic Package) 


J 
CERDIP14 
(Cerdip Package) 


(Plastic Micropackage) 
(Order Codes at the end of the datasheet) 


PIN CONNECTIONS (top view) 


N OO OM B&B W NH = 


- Output 1 

- Inverting input 1 
- Non-inverting input 1 
- Vec* 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Output 3 

- Inverting input 3 

- Non-inverting input 3 
- Veco" 

- Non-inverting input 4 
- Inverting input 4 

- Output 4 


E88TS274-01 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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TS274/TS27M4/TS27L4 


BLOCK DIAGRAM 


rr 


us 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (note 1) 
Differential Input Voltage (note 2) +12 
Input Voltage (note 3) - 0.3 to 12 


Toper Operating Free-air Temperature 


TS274C 

TS274I - 40 to 105 

TS274M - 55 to 125 

TS27M4C 0 to 70 °C 
TS27M4I - 40 to 105 

TS27M4M - 55 to 125 

TS27L4C 0 to 70 

TS27L4I - 40 to 105 

TS27L4M - 55 to 125 


Storage Temperature - 65 to 150 


Notes:1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2 Differential voltages are at the noninverting input terminal with respect to the input terminal 
3 The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage 


OPTIMAL OPERATING CONDITIONS 


Supply Voltage (note 1) 
Common Mode Input Voltage Vcc = 10 V 
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SCHEMATIC DIAGRAM (for 1/4 TS27 x 4) 
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TS274/TS27M4/TS27L4 


ELECTRICAL CHARACTERISTICS FOR TS274 
Tamb = 25 °C, Voc = 10 V (unless otherwise specified) 
R,_ Connected to Voc 7 


Symbol parameter 


Input rai Voltage 
Veeta 
18274" 


f Offset Current 
l= 5 V ’ Vo = 5 V pA 
Aker < on < Tas nA 

in ut aire rake 
Vo = pA 
Tana 2 t < y=? 0.15 0.3 nA 


iets aul Voltage (note 1) 


Ri = %0 se 
Tmin < i < Tmax 


Vou 


Gain Bandwidth Product 
Ay = 0 dB 

R, =10 ae 
C, =100p 

fin = 200 Phe 


Vcc = 
fe) = 
Supp! Curent er amplifier 
aed \P i ) 1000 1500 1000 4500 
- ~ 


cc 
oe we 


yo = < ot < T pay 


eeigat ov Te Le 
ar Soar baal 
(Sink) V, =- 10 mV, Vo = Vcc 45 65 35 45 65 


Slew Rate at Unity Gain a a Ge ee a OR 


Phase oe at Unity Gain 


Svo 


Q — 
3 2° 


nou Overshoot Factor 


mee ie Noise Voltage Gee 
Re =10Q0 
VoiNVo2]| Cross Talk Attenuation ae ee ee ee ee ee 


Note: 1. Low output voltage is less than 5OmV. 
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ELECTRICAL CHARACTERISTICS FOR TS27M4 
Tamb = 2D °C, Vcc = 10 V (unless otherwise specified) 


R, Connected to Voc ~ 
TS27M4C TS27M41/TS27M4M 


Vio npeee ce Voltage mV 
Seria” 10 
Tan < T < Lemay 12 
TS27M4A 5 
Tans < T < aaa ‘ 6.5 
es 2 
Tmin <1 < Tmax . 3.5 


Voltage 
ne Offset Current 
;= 5 ‘ 7 ig = 5 V pA 
Timin <T T max nA 
Input a Current 
Vo = pA 
rie < t < tr 0.15 0.3 nA 


VoH Hopi Shae Voltage (note 1) 


Ri = 100 i 
T min <T < T max 


Ava Large rigial Bea age Gain 


o= 
Ry = too ko 
V,=5V 

Tmin < T< Tmax 
Gain Bandwidth Product 
Ay oan 0 dB 

Ri. = 100 kQ 
C. = 100 pF 
fin = 100 KHz 


Gwr 
oe leis Rejection Ratio 65 65 
v° = a V 74V 
CC 


SPRY ponage election Ratio 
Veo = 
Vo eas 1 yar 


Supply Current (per amplifier) 
Ay =1, Ve Load 

Vo =5V 

Tmin< T < T max 


res Current mA 
10 mV, Vo =O V 45 85 45 85 

ls Sara een mA 
(Sink) V,=- 10 mV, Vo =Vec 35 45 65 35 45 65 


| Svo | SlewRate at UnityGain | | oe | TS 


- Re ie 4 Pe, a Te) i ae 
Ay = 45 45 
R_ = 100 kQ 
C. =100 pF 
Overshoot Factor eae Fe Vee a (A < 


Vn Input Equivalent Noise Voltage 38 38 nV/VHz 
f=1 KHz 
Rs = 102 

Cross Talk Attenuation 


Note: 1. Low output voltage is less than SOmvV. 
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TS274/TS27M4/TS27L4 


ELECTRICAL CHARACTERISTICS FOR TS27L4 
Tamb = 29 °C, Vcc = 10 V (unless otherwise specified) 


R,_ Connected to Voc ~ 
TS27L4C aia yas Maa 


Vio ui course, ia Voltage 


TSa7La 10 
Tmin < T < Tmax 12 
TS27L4A 5 
Tmn < ai < Tmax 6.5 
TS27L4B 2 
T min <T< T max 3.5 


a Vio Temperature Coefficient of Input ee uv/°C 
Voltage 
Input Offset Current 
|= 5 V, Vo = 5 V pA 
Tmin < T < T max 0.1 0.2 nA 


Inout Bias Current 


C= ’ 0 = 


Tmin <T< T max 
V High Output Voltage (note 1 
BE age ees 
R. =1MQ 
Tin <T< T max 
Avg Large Signal Voltage Gain 
V Vto6V 


o= 


R_ = 100 KO 


c= 5 

T min <T<T max 

Gain Bandwidth Product 
A ae dB 


Vv 


Ss Sa 
BEE 
ft oO 
[o) (an) 
me Oo 
Oo 
= < 
— 3 
N < 


Ri 
Ct = 100 
fin=10K : 


pa node Rejection Ratio 
= = v is 7.4V 


a BVio1 neiection Ratio 
vor. = 


Sia cuial ‘Ber amplifier) 
Av =1, no Loa 

Vo = 5 V 

Tmin < T < Tmax 


Sone Salva 


Ouipa earene 
a =- 10 mV, Vo =Vcec 


Siew Rate at | Slew Rate at UnityGan Gain 
had k= raae at Unity Gain 


RY = 
ue 
= 100 pF 


oa Factor 


yeu rae Noise Voltage 
Rs = to 0 


Cross Talk Attenuation 


10 10 


co) 
a 
—_ —_— 
N oO 
oO) 
on 


p< 
o ua 
= 


=) 
ro) 
B 
CO 
ol 
3 
ol 
© 
ol 
3 
> 


a 
on 


< 


© 
© 3 
o > 
0) 
(6p) 


MS 


Q 
‘Ip 


S 
= 
z|" 


ro) 
£ 


| ken 
Vor / Vo 


Note: 1. Low output voltage Is less than 50mV. 
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TS274/TS27M4/TS27L4 


ICC (HA) 


1000 


100 


10 


Voc (V) 


SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vo = Vic = 0.2 Voc ’ Tam = 25 °C, NO LOAD E88TS274-02 


ICC (pA) 


1000 


100 


TA (°C) 
-50 -25 0 25 50 75 100 125 
SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vec = 10 V, Vic =5 V, Vo =5 V, NO LOAD 
E88TS274-03 
G7 SGS-THOMSON Se 
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995 


TS274/TS27M4/TS27L4 


GAIN IB) 


100 PHASE 


45 


Neu MT 
TS274 ry i i NN TN 20 
Sl VA ist . 
| LEIA ETE 


10 100 1 000 10 000 100 000 1 000 000 *0 90° 000 
FREQUENCY tH2) 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Vcc = 10V, Ry = 10k 2.Cy = 100pF, Tamb = 25°C E88TS274-04 
GAIN(dB) 


Suinii Sth W|I a 
10 000 100 000 1 000 000 
FREQUENCY (Hz) 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Vcc = 10V, Ry = 100k, Cy = 100pF, Tamb = 25°C 
GAIN (dB) 


ANS UE 
CTC = 
AN Gee 
O11 UNH 
Tea 


s) 1 000 10 000 100 000 


PHASE 


4s 


TS27M4 


40 
138 


20 


180 


20 


E88TS274-05 


PHASE 


45 


TS27L4 


GAIN [left Tan 


40 90 


20 


180 


20 


FREQUENCY IH} 
OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 


Vcc = 10V, Rr = IM2. Cy = 100pF, Tamb = 25°C E88TS274-06 
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ORDER CODES 


Part Number 


Temperature 


Range °C 


TS274C 0 to + 70 
TS274AC 0 to + 70 
TS274BC 0 to + 70 
TS274I - 40 to + 105 
TS274M - 55 to + 125 
TS27M4C 0 to + 70 
TS27M4AC 0 to + 70 
TS27M4BC 0 to + 70 
TS27M4l - 40 to + 105 
TS27M4M - 55 to + 125 
TS27L4C 0 to + 70 
TS27L4AC 0 to + 70 
TS27L4BC 0 to + 70 
TS27M4l - 40 to + 105 
TS27L4M - 55 to + 125 
TS27M4AI - 40 to + 105 
TS27M4AM - 55 to + 125 
TS27M4Bl - 40 to + 105 
TS27M4BM - 55 to + 125 
TS27L4Al - 40 to + 105 
TS27L4AM - 55 to + 125 
TS27L4BI - 40 to + 105 
TS27L4BM - 55 to + 125 


TS274/TS27M4/TS27L4 


or 


| Examples : TS27L4ACN, TS274CD TS27L4ACN, TS274CD 


PACKAGE MECHANICAL DATA 
14 PINS - PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) True geometrical position 


1 4 PINS 
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TS274/TS27M4/TS27L4 


PACKAGE MECHANICAL DATA (continued) 
14 PINS - PLASTIC MICROPACKAGE SO 


14 ens 
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CMOS DUAL DIFFERENTIAL COMPARATOR 


a» WIDE SINGLE SUPPLY RANGE OR DUAL 
SUPPLIES 4V TO 10V OR£2V TO+5V 


a VERY LOW SUPPLY CURRENT : 0.4 mA INDE- 
PENDENT OF SUPPLY VOLTAGE 


» EXTREMELY LOW INPUT BIAS CURRENT : 
1 pA TYP 


» EXTREMELY LOW INPUT OFFSET CUR- 
RENT : 1 pA TYP 


a LOW INPUT OFFSET VOLTAGE 


a INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 


a LOW OUTPUT SATURATION VOLTAGE 
150 mV TYP 


=» OUTPUT COMPATIBLE WITH TTL.MOS AND 
CMOS 


= BUILT-INESD PROTECTION 
a HIGH INPUT IMPEDANCE 10'* QTYP 


a FAST REPONSE TIME : 200 NS TYP FOR TTL 
LEVEL INPUT STEP 


DESCRIPTION 


These devices consist of two independent precision 
voltage comparators, designed to operate with sin- 
gle or dual supplies. 


These differential comparators use the SGS THOM- 
SON Microelectronics silicon lin MOS process gi- 
ving them an excellent consumption-speed ratio. 


These devices are ideally suited for low consump- 
tion applications. 


December 1988 


T$S372 


ADVANCE DATA 


(Plastic Package) 


J 
CERDIP14 
(Cerdip Package) 


Not 


D 
S014 
(Plastic Micropackage) 


(Order Codes at the end of the datasheet) 


PIN CONNECTIONS (top view) 


E88TS272-01 


- Output 1 

- Inverting input 1 

- Non-inverting Input 1 
= Voc- 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 


= Vec* a 


This ts advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice 
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ABSOLUTE MAXIMUM RATINGS 


[Symbol | ———~S~S rameter ——SS*S*C*~“*‘*dSCSC*~“*‘ ~SSSC*d;SC 
veo | Supp Volage (oie) —CSC‘“‘~S*S*S*~“‘“dRCS*S*“‘*‘sSCSC“‘( 
[Vis | Diferental Input Votage (rote@)—~—SCSC~“*‘“*~*~*‘“‘“‘tCS*SC‘“‘< SiC 
vi [input votage (notes) SCSSCSC“~“S~“‘“‘—rSSSC 
[to | Output Curent ——SSSCSCSC~SC—~—SC—SS 

in ous caw oe] | id J 


Toper Operating Free-air Temperature 0 to 70 
— 40 to 105 
— 55 to 125 


Storage Temperature — 65 to 150 


Notes: 1. All voltage values, except differential voltages are with respect to network ground terminal. 
2. Differential voltages are at the non-inverting input terminal with respect to the input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 
4. Short circuit from outputs to Vcc” can cause excessive heating and eventual destruction. 


< 


< 


< 


h 
| fal< 


OPERATING CONDITIONS 


Symbol Parameter 
Supply Voltage Range 


Min Supply Voltage (for selected devices) 


Max Supply Voltage 


ELECTRICAL CHARACTERISTICS (Vcc = + 5V, T= 25 °C) 


sali panne eT 
Typ. | Max. 
| Vio | Input Offset Voltage for Vic = Vick min (note 1) | 2 | 10 | 


| mv | 
ae a a ee pee 
| ts | Input Bias Current tT 


Input Common Mode Voltage Range hk 
-15V 


| Ava _| Large Signal Voltage Gain Vec = 10 V; Ri > 15 KQ at Voc | | 200 | ss Wmv 


Ee TS 
| Voi | _Low Level Output Voltage Vig = 1 V; loi =4 mA | | 150 | 400 | mv | 


a a 
Low Level Output Current Vig =— 1 V; Vor =1.5 V Oe t | AG) |) a 


See Time R, = 5.1 KQ ; C_ = 15 pF Overdrive 5 mV 
=a 2) 


| Tre | Response Time R, = 5.1 KQ ; C_ = 15 pF TTL Input (note 2) ff 200 | | ons 


Notes: 1. The offset voltage and offset current which are given are the maximum values required to drive the output down to 400 mV or up to 
4 V with Ri = 2.5 KQ to Vec. 
2. The response time which is specified is the interval between the input signal and the instant when the output signal crosses 1.4 V. 


se a f SGS-THOMSON 
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ORDER CODES 


Temparaturs | P 


Range 


TS372 0 to 70 
TS372I — 40 to 105 
TS372M — 55 to 125 


Examples : TS372ID 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP OR CERDIP 


a ky SGS-THOMSON 


(1) Nominal dimension 
(2) True geometrical position 


MICROELECTRONICS 


§ pins 


8 Outputs 


T$372 


3/3 


1001 


ky, SGS-THOMSON 
4 icrosectrowmcs 


TS374 


CMOS QUAD DIFFERENTIAL COMPARATOR 


a WIDE SINGLE SUPPLY RANGE OR DUAL 
SUPPLIES 4V TO 10V OR+2V TO +5V 


a VERY LOW SUPPLY CURRENT : 0.4 mA INDE- 
PENDENT OF SUPPLY VOLTAGE 


» EXTREMELY LOW INPUT BIAS CURRENT : 
1 pA TYP 


u EXTREMELY LOW INPUT OFFSET CUR- 
RENT: 1 pA TYP 


a LOW INPUT OFFSET VOLTAGE 


a INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 


a LOW OUTPUT SATURATION VOLTAGE 
150 mV TYP 


a OUTPUT COMPATIBLE WITH TTL.MOS AND 
CMOS 


a BUILT-IN ESD PROTECTION 
a HIGH INPUT IMPEDANCE 10'* QTYP 


a» FAST REPONSE TIME : 200 NS TYP FOR TTL 
LEVEL INPUT STEP 


DESCRIPTION 


These devices consist of four independent precision 
voltage comparators, designed to operate with sin- 
gle or dual supplies. 


These differential comparators use the SGS THOM- 
SON Microelectronics silicon lin MOS process gi- 
ving them an excellent consumption-speed ratio. 


These devices are ideally suited for low consump- 
tion applications. 


December 1988 


ADVANCE DATA 


(Plastic Package) 


J 
CERDIP14 
(Cerdip Package) 


aa 


D 
$014 
(Plastic Micropackage) 


(Order Codes at the end of the datasheet) 


PIN CONNECTIONS (top view) 


OONOOaAARWDN— 


E88J374-01 


- Output 2 


Output 1 


- Vec* 


Inverting input 1 


- Non-inverting input 1 
- Inverting input 2 


Non-inverting input 2 


- Inverting input 3 
- Non-inverting input 3 


- Inverting input 4 

- Non-inverting input 4 
- Veco 

- Output 4 

- Output 3 
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This is advanced information on a new product now in development or undergoing evaluation Details are subject to change without notice. 
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TS374 


ABSOLUTE MAXIMUM RATINGS 


Voc 
Via 
V; 

Vo 


Esa Duration of Output Short-circuit to GND (note 4) 


Toper Operating Free-air Temperature TS374C 0 to 70 °C” 
TS374] — 40 to 105 
TS374M — 55 to 125 


Storage Temperature — 65 to 150 


Notes : 1. All voltage values, except differential voltages are with respect to network ground terminal. 
2. Differential voltages are at the non-inverting input terminal with re$pect to the input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 
4. Short circuit from outputs to Vcc” can cause excessive heating and eventual destruction. 


OPERATING CONDITIONS 


ELECTRICAL CHARACTERISTICS (Vcc = + SV, T= 25 °C) 


fe Vise. Input Offset Voltage for Vic = Vicr min (note 1) hf 
Po, hie 4 Input Offset Current (note 1) Ka 1 
a oe Input Bias Current ae 


Vicr Input Common Mode Voltage Range 0 to Vcc 
-1.5V 


Large Signal Voltage Gain Vcc = 10 V; Ri > 15 KQ at Voc 


d = 00 
High Level Output Current Vig =1V;Voh =+5V 
e 


| Ava | a 
| toh 3 re ee 
[Var | Low Level Output Voltage Vig =1Vili=4maA «dy 
IL iteee Supply Current (4 comparators) Vig =-— 1V;RL =e Ff 04 ft | oma 
f aeleie= | ieee 
i 
fae 


Vio 
Ay 
lon 
lec 
Low Level Output Current Vig =- 1V;Vo_ =1.5 V 
Response Time R, = 5.1 KQ ; Ci = 15 pF Overdrive 5 mV 
(note 2) 

Response Time Rx =5.1 KQ ;C,_ = 15 pF TTL Input (note 2) 


Notes : 1. The offset voltage and offset current which are given are the maximum values required to drive the output down to 400 mV or up to 
4V with Ri = 2.5 KQ to Vcc. 
2. The response time which is specified is the interval between the input signal and the instant when the output signal crosses 1.4 V. 
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ORDER CODES 


Part Number | Temperature 


Range 


PN [Dy 
TS374 0 to 70 
TS374l — 40 to 105 
TS374M — 55 to 125 


Examples : TS374ID 


PACKAGE MECHANICAL DATA 
14 PINS - PLASTIC DIP OR CERDIP 


TS374 


(1) Nomina! dimension 
(2) True geometrical position 


1: yee 


9 
4.0 


0.35 0.4 
0.45 min. 


1.75 max. 


1 4 Outputs 
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TSGF SERIES 


MASK PROGRAMMABLE FILTERS 
ANALOG SWITCHED CAPACITOR FILTER ARRAYS 


» HCMOS MASK PROGRAMMABLE SWITCHED 
CAPACITOR FILTERS : FAST DESIGN TURN- 
AROUND TIME (5 to 6 weeks average), 
THANKS TO GATE ARRAY APPROACH 

a INTEGRATION OF ANY KIND OF CLASSIC, 
NON-CLASSIC FILTERS : BANDPASS, LOW- 
PASS, HIGHPASS, BAND REJECT... 

a CAUER, CHEBYCHEV, BUTTERWORTH, LE- 
GENDRE... 

a FILTER ORDER : FROM 2ND TO 12TH 

a CASCADABLE STRUCTURE : HIGHER OR- 
DER ACHIEVABLE 

a» NO EXTERNAL COMPONENTS REQUIRED 
TO REALIZE THE FILTERING FUNCTION 

m ADDITIONAL OPTIONS AVAILABLE ON CHIP : 
~ UNCOMMITED OP-AMPS (for anti-aliasing 

and/or smoothing filters, half or full wave rec- 
tifiers...) ; 
~ INTERNAL DIVIDER (sampling frequency 
generated from external clock) ; 
~ OUTPUT SAMPLE-AND-HOLD 
a TSGF SERIES PROVIDES : 


. LEAPFROG STRUCTURE FOR VERY LOW 
SENSITIVITY FILTERS ; 
- CASCADABLE BIQUADRATIC CELLS FOR 
NON-CLASSIC FILTER DESIGN 
a» TSGF SERIES FULLY SUPPORTED BY "FIL- 
CAD"® CAD SOFTWARE FROM FILTER SYN- 
THESIS AND SIMULATION UP TO LAYOUT 
.~ APPLICATION NOTES 
- EVALUATION BOARDS 
.~ INPUT SIGNAL FREQUENCY : 0 TO 30KHz 
- SIGNAL TO NOISE RATIO : 60 TO 85dB 
POWER SUPPLY : DUAL + 5V 
SINGLE 0 - 10V 
SINGLE 0 - 5V 
» ADJUSTABLE POWER CONSUMPTION 
0.5mW TO 20mW PER FILTER ORDER 
mu QUALITY FACTOR : UP TO 50 
PASS-BAND GAIN : UP TO 40dB 
INPUT SENSITIVITY : 1mVRMS (min) 


February 1989 


DESCRIPTION 


TSGF series is a family of Mask Programmable Fil- 
ters (MPFs) developed by SGS-THOMSON Micro- 
electronics. 


The TSGF product range is composed of 3 switched 
capacitor filter base arrays, TSGF04, TSGF08 and 
TSGF12 providing filter integration capability from 
2nd to 12th order. 


TSGF04/08/12 are using "gate array" technique : 
the filter customization is achieved only by the final 
metallization mask. 


Therefore TSGF series provide users with filter in- 
tegration solutions with very fast design turn-around 
time : 5 to 6 weeks up to delivery of full tested pro- 
totypes. 


TSGF04/08/12 base arrays provide on chip all ne- 
cessary functions to realize all kind of filters : 

. transconductance amplifiers 

. switches 

. capacitor fields 

. sample-and-hold 

- nonoverlapping phase generator 


Additional on-chip integration capabilities are offe- 
red by TSGF products such as : 


- prefiltering and post filtering functions antialiasing 
and smoothing filters) 

. cosine filter 

. output sample-and-hold driving 

- power consumption adjustment 

. output DC level adjustment. 
TSGF series provide users a fast and complete 
design solution for their specific filter circuits resul- 
ting in highly accurate and reliable products thanks 
to switched capacitor technique. 


But SGS-THOMSON filtering approach is not only 
limited to the Mask Programmable Filter (MPF) pro- 
ducts. 
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TSGF SERIES 


TSGF SERIES PRODUCT RANGE 


TSGF04 2to 4 


* Optional. 


Users are given : 
= Standard Device Filters which are general pur- 
pose filters designed by SGS-THOMSON from 
the 3 TSGF base arrays. 
- TSG 87xx developed on TSGF04 filter array 
(2nd to 4th order) 
- TSG 85xx developed on TSGF0O8 filter array 
(4th to 8th order) 
. TSG 86xx developed on TSGF 12 filter array 
(8th to 12th order). 


Refer to data sheets of these standard filter pro- 

ducts. 

a "Gate Array" Filters which are the TSGF04, 
TSGF08, TSGF12 filter arrays described in this 
data sheet. 

a "Standard Cell" Filters described in the TSGSM 
Series Data Sheet. 


By offering TSGF-like macrocells in its library, the 
mixed analog/digital TSGSM Standard Cell family 
also provides filtering capabilities and then can ex- 
tend integration possibilities offered by TSGF se- 
ries. 


For example higher than 12th order filters or circuit 
combining filters with digital and analog functions on 
the same chip are achievable with TSGSM Stan- 
dard Cells. 


SWITCHED CAPACITOR TECHNIQUE 
SGS-THOMSON TSGF products are active filters 
where resistors are replaced by capacitors which 
are switched at a frequency, named sampling fre- 
quency (Fi). 

Figure 1 is showing the basic principle of switched 
capacitor technique. 


Part Number of Filter | Uncommitted Clock 
Number | on-chips Filters | Order| Op-amps oc Hold 
Internal Oscillator* | External* Driving | PDIP 8-14 Pins 
TTL/CMOS Levels CDIP 14 Pins 
SO Wide 16 Pins 
TSGF08 1 4to8 2 1 Clock Input Internal Driving | PDIP 8-16 Pins 
TTL/CMOS Levels CDIP 16 Pins 
SO Wide 16 Pins 
TSGF12 1or2 8 to 12 2 Clock Inputs External* Driving | PDIP 16-18-20 Pins 
TTL/CMOS Levels CDIP 16-18-20 Pins 
SO Wide 18-24 Pins 


Output 
Sample-and 


Figure 1. 


E88TSGFSERIES-01 


The 2 switches (S1 and S2) are controlled by 2 com- 
plementary and non overlapping clock phases. 
During the phase @ = 1 (S1 on, S2 off) the charge 
stored in C1 is: 
Q1 = C1.V1 (1) 
During the phase @ = 1 (S1 off, S2 on) the charge 
stored in C1 becomes : 
Q2 = C1.V2 (2) 
1 = 
During a complete clock period Ti = —- = ©+@ 
Fi 
the transferred charge is : 
AQ = Q1 - Q2 = C1 (V1 - V2) (3) 
During this Ti period, this charge flow is equivalent 
to a current, |: 


AQ = C1 (V1 - V2) = 1.Ti (4) 
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C1 (V1 - V2) 
| = C1.Fi (V1 - V2) = ——_—_————__ (5) 
Ti 
Comparing (5) with Ohm’s law applied to a resi- 
stance : 


V1 -V2 
|= ———____ (6) 
R 
The equivalent resistor is then : 
Ti 
Req = ——__—— (7) 
C1 
Then, with (7), a RC product becomes : 
C 
ReqsC =. 2, fj (8) 
C1 


SWITCHED CAPACITOR FILTER BENEFITS 
In active filters, the time constant is fixed by the RC 


SWITCHED CAPACITOR FILTER FEATURES 


TSGF SERIES 


product but the component values R and C used 
with the Op-amp are absolutely uncorrelated : so 
trimmings, tunings are very often needed to obtain 
an accurate template. On the other hand, with swit- 
ched capacitor networks, only capacitor ratios are 
used. These ratios are obtained with capacitors in- 
tegrated on the same chip. The available accuracy 
is 0.1% to 0.5% whatever the temperature condition 
may be. 


As the time constant is fixed by capacitor ratio, ful- 
ly integrated filters are achievable without trimming. 
In addition, as shown in (8) the time constant RC is 
proportional to the sampling period Ti : the filter cut- 
off frequency can be shifted by tuning the sampling 
clock frequency without any change on the shape 
of response curves. 


e Monolithic Filter. 

e The coefficients of the filter transfer function are 
completely determined by : 
— a single crystal controlled clock frequency 
— and ratioed capacitors 

e Fully HCMOS Integrated Filters 


e Switched capacitor filters are sampled-and-hold 
circuits. 


SWITCHED CAPACITOR FILTER ARRAY 
ARCHITECTURE ) 


Analog switched capacitor filter arrays, TSGF se- 
ries, are processed with a 3.5/2 polysilicon layer/1 
metal layer HCMOS process. 


SGS-THOMSON offers 3 filter base arrays, 
TSGF04, TSGF08 and TSGF12, providing filtering 
capabilities from 2nd to 12th order. 


The 3 arrays are designed around a "Universal bi- 
quadratic filter cell", SGS-THOMSON patented. 
This cell consists of 2 adder integrators using a 
transconductance amplifier, switches, and capaci- 
tor fields. Fields of capacitors are composed of hun- 
dred unit capacitors (0.1pF) and then provide high 
and accurate capacitor values. 


e Board Size Reduction. 

e High Accuracy Template. 

e Stability in Temperature and Time. 

e High Order Filter Achievable. 

e No Adjustment. 

e Clock Tunable Cutoff Frequency. 

e Low Power. 

e No External Components. 

e Ease and Safety of Use. 

e Antialiasing prefiltering is required if the input signal 
is wide band. 

e Smoothing post filtering may be used to avoid spectral 
rays around the sampling frequency. 


Figure 2 shows the TSGF08 chips, outlining all func- 
tions available on TSGF filter arrays : 

. Universal 2nd order Filter Cell. Clock divider 
generating internal sampling frequency from 
external clock. 

. Non overlapping phase generator. 

. Input Sample-and-Hold. 

. Uncommitted free Op-amps. Power 
consumption Adjustment cells for filter and 
Op-amps. 

- Output Sample-and-Hold. 


The internal sampling frequency Fi can be set from 
500Hz to 7OOKHz by an external oscillator (or an in- 
ternal one with TSGF04 base wafer). 


When the external available clock frequency is 
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TSGF SERIES 


Figure 2 : TSGF08 CHIP. 


POWER ADJUST. 
FOR UNCOMMI- 
TED Op-Amps 
POWER ADJUST. 
SWITCHED CAPA- 
CITOR FILTER 
SWITCH PHASING 
GENERATOR 


FOR THE 
CMOS/TTL 
INTERFACE 
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higher than 7O00KHz, the set of Mask Programma- 
ble dividers by 2 is used to adapt the external clock 
frequency to the sampling frequency. In any case 
the external clock frequency must be lower than 
5MHz. 


As the ratio Fi/Fc between sampling frequency Fi 
and selected filter frequency Fc is a constant, des- 
igners can move the filter characteristics (central or 
cut-off frequency) only by tuning the clock. 


A 10V power supply, either OV and 10V, or - 5V and 
+ 5V, gives the best performances : maximum out- 
put swing of 8V. The TSGF filters can also operate 
with a standard 0/5V power supply. In that case the 
maximum output swing is 2.2V. 


Typical power consumption is 0.5mA per filter order. 
This power consumption is user adjustable between 
0.1mA and 2mA with an external resistor, depen- 
ding on the frequency range. 


The power consumption adjustmentis also provided 
to the uncommitted operational amplifiers : the bias 
current must be increased when a high gain - band- 
width product is required. 


These uncommitted Op-amps give the designer the 
capability to create auxiliary circuits like voltage 
gain, prefiltering and post filtering functions half or 
full wave rectifier functions, or local oscillator (refer 
to application notes AN-061, AN-069, AN-070, AN- 
075). 

The offset voltage of TSGF products is typically a 
few millivolts, with a 300mV max depending of the 
filter type. 


Moreover, there is a possibility to adjust the filter out- 
put DC levels, thanks to an external bias voltage ap- 
plied on "LVL" pin. Automatic offset compensation 
can be done by mean of one uncommitted on-chip 
operational amplifier, as indicated in Application 
note AN-069. 

The TSGF products feature a high input impedance 
(typ. : 8MQ) and a low output impedance (typ. : 
10Q) allowing then cascadable filter network in or- 
der to achieve higher than 12th order. 


The output buffers are configurated as sample-and- 
hold amplifiers which can drive a 1KQ load resis- 
tance and a 100pF load capacitance. 


On the TSGF04 and TSGFi2 an external sample- 
and-hold clocking allows to connect the filter output 
directly to an analog to digital converter (Optional ; 
see fig. 7). 

In addition some particular switched capacitor cells 
have been implemented on the first 2 integrators of 
each chip allowing realization of special functions 
like : 
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- cosine filter 
. complementary high pass filter 
- exact bilinear leapfrog filter. 


Figure 3a : TSG8512 : 7th Order Cauer Low pass 
Filter. 
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Figure 3b : TSG8551 : 8th Order High-Q Band 
pass Filter (Q = 35). 
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BENEFITS 


With the TSGF series of SGS-THOMSON, de- 
signers are given unique "Gate Array" filter products 
for the replacement of their passive/active filters or 
the design of new filters. 


The TSGF04/08/12 provide then with gate Array te- 
chnique 3 complete arrays where all functions ne- 
cessary to realize the filter function and its external 
circuit environment are available on chips. 


The switched capacitor process permits the realiza- 
tion of very accurate and fully integrated filters and 
breaks down the equipment production costs by 
providing fully tested filters parts : tuning or ad- 
justment of external components are no more ne- 
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cessary with TSGF series. 


Figures 3A, 3B is showing 2 examples of Standard 
Filters designed with the TSGF08 matrix. 


APPLICATIONS 


TSGF products from SGS-THOMSON can integrate 
all filtering functions (replacement of active or pas- 
sive filters...) and then can be implemented very qui- 
ckly into an application/equipment requiring a filter 
with a maximum input signal frequency of 30KHz. 


Mask Programmable Filters (MPFs) typical applica- 
tions are: 

- audio filtering/processing 

- signal/frequency detection 

- scrambling/coding 

- spectrum analysis 

- process control 

- remote control 

- harmonic analysis 


- equalization 

- frequency tracking 

- alarm systems 

- robotics 

- anti-knock system 

- data acquisition (before A/D and after D/A conver- 
ters) 

- automatic answering 

- inwarding 

- speech processing 

- security system (coding, recognition) 
- sonar detection 

- mobile radio 

- modems 


BLOCK DIAGRAMS 
Figure 4 outlines the mean features and options of- 


fered by each of the 3 MPF arrays by showing 
TSGF04, TSGF08 and TSGF12 block diagrams. 


ST {i SGS-THOMSON 
S/ i MICROELECTRONICS 


1012 


Figure 4 : Block Diagrams. 
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PIN DESCRIPTION 


The table below gives the pin description of the 3 plete version of each array, it means with all the avai- 
MPF arrays, TSGF04 TSGF08 and TSGF12. The lable on-chip options connected to the package. 
pin assignment is given for ihe extended and com- 


| Function 


ae a Positive Supply 
Output DC 
Level Adjustment 


7 4 IN1 4 Filter Input 
IN2 9 
General Ground Vi+V 
OUT OUT1 6 Filter Output 
OUT2 7 
Clock Input TTL/CMOS Level Compatibility 
CLK2 11 


Filter Power Adjustment | Filter power consumption can be 
chosen by connecting a resistor 
between PWF and GND (or V*). Stand 
by mode is obtained by connecting 
PWF to V™ (or non connected) 


PWA 10° 13 Op Amp Power Idem PWF but for Op Amp (PWA) 
Adjustment 
—-EB 10 14 Inverting Input 
Op Amp B 
Psa fo | | 1 | 18 | Output Op Amp 8 


+EB 12 Non Inverting Input 
Op Amp B 


1 
1 Non Iverting Input 
1 


Description 


Filter output DC level adjustment when 
connecting a potentiometer between 
V* and V" with its middle point to LVL. 
When no adjustment is needed, LVL 
pin is connected to GND. 


Op Amp A 


6 
7 

psa | of} 4 | 14 | 18 | Output Op Amp A _ 
9 


—EA 3 15 Inverting Input 
Op Amp A 
External Driving Clock of Output 


NC ae ae Non Connected 
Sample-and-hold 
Clock Input See TSGF04 Clock Oscillator Section 


Clock Pin for External | For TSGF04, external RC or crystal 
Oscillator oscillator are connected to CLKIN and 
CLKR pins. See TSGF04 clock 
oscillator section 
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* For TSGF04 when external driving clock of output sample-and-hold (CLKSH) is used, PWF realizes the power adjustment of both uncommt- 
ted Op-amp and filter. 
Note : For other packing pin-out, refer to package drawings and pin-out at the end of data sheet. 
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FUNCTIONAL DESCRIPTION 


INTERNAL CLOCK DIVIDER (CLK) 

The internal sampling frequency Fi can be fixed from 
500Hz to 7O0KHz (Fi can be used between 700KHz 
and 1MHz with some limitations) by an external os- 
cillator (or internal one with TSGFO04 filter array). 
When the external clock frequency Fe, is higher than 
7O0O0KHz, a mask programmable on-chip divider is 
used to adapt available clock frequency to the sam- 
pling rate. 


| sd TSGFO4| TSGFos | TSGF12 
Number of Divide by 2 10 
Available Per Chip 
Max. Fe/Fi Ratio 1024 


In any case, the external clock frequency Fe must 
be less than 5MHz. 


Example : The TSG8510 features (TSG8510 is a 
standard filter based on TSGFO08 array) : 


Fe max = 1.5MHz and F, max = 750KHz then 
Fe 


Fj 


=e 


only one divider by 2 is used for this filter (which is 
the case of most of SGS-THOMSON’ general pur- 
pose filters). 

Note : As the internal clock divider is mask program- 
mable, the ratio Fe/F; is fixed for each filter. The 
change of this ratio is possible but results into a new 
part number. 


ADJUSTMENT OF OUTPUT DC LEVEL 
(LVL) 

The output DC offset voltage can be removed 
thanks to an external bias voltage applied on "LVL" 
pin, as shown on figure 8. 

However automatic offset compensation can be im- 
plemented by using one of the uncommitted on-chip 
Op-amps, as indicated in application note AN-069 
(see fig. 9 in AN-069). 

The offset voltage of TSGF filters is typically a few 
millivolts, with a 300mV max, depending on the type 
of the filter. 

A drift of this offset voltage can be observed when 
user increases the power consumption of the filter 
with an external resistor connected to PWF pin. So 
when the filter operates at high frequencies, a com- 
promise exists between the filter frequency res- 
ponse performance and its output DC offset voltage. 


When no DC output level adjustment is required, 
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LVL pin has to be connected to the GND voltage. 


The level gain, LG, of each filter can be deduced 
from the curve representing Vout = f (LVL). This 
curve is filter dependent. 


For example the TSG8510 presents following curve 
shown in figure 5 (measured with Fe = 256KHz, 
IPpwr = 100A) : 


Figure 5 : Output DC Voltage Adjustment from 
LVL Pin. 
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The TSG8510’s level gain is : 


VOUT 
LG= 


LVL —-300 


For example if one TSG8510 presents a 100mV off- 
set voltage at its output, user must apply an exter- 
nal bias voltage LVL = 30mV to compensate it. 


FILTER POWER ADJUSTMENT (PWF) 


The filter power consumption can be chosen by 
connecting an external resistor, Rewr between 
PWF and GND (or V+) pins. 


This power adjustment operates the variation of the 
bias current of the integrators used in the switched 
capacitor filter. This current, Ipwr, can be low when 
filter operates at low cut-off frequencies (Fe =1KHZz), 
but must be increased at high cut-off frequencies 
(Fc = 20KHz), in order to charge and discharge the 
capacitors at a higher rate. 


As a result, an optimal choice of Ipwr bias current 
can be deduced from the curve representing Ipwr = 
f (Fe), Fe being the external clock frequency applied 
on CLK pin. 


This curve is dependent on the filter. For example, 
as shown in figure 6, the TSG8510 presents follo- 
wing characteristics : 
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Example : if the cutoff frequency of the low pass 
TSG8510 filter has to be set at 3.4KHz, user must 
apply the external clock frequency Fe = 75.3 x 3.4 = 
256KHz. 


Figure 6 : TSGF10 user’s Guide for IPWFand 
RPWF Choise. 
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The User's guide for lpwr choice indicates : 
a optimal lpwe = 100uA 
Rewer = 35kQ 

= non recommanded zone for Ipwr 100A 
Operation within this area can lead to increase 
the ripple in the pass band and to decrease the 
stop band attenuation. 

= zone of correct functioning with over consump- 
tion for Ipwr > 100pA. 


Note : Power consumption choice has to be priori- 
tized when major concern in TSGF design is the 
frequency response (gain versus frequency). The 
output DC offset voltage comes in 2nd position in 
that case. 


EXTERNAL DRIVING OF OUTPUT SAMPLE- 
AND-HOLD 


This facility allows the filter output to be connected 
directly to an analog-to-digital converter, as illustra- 
ted in figure 7. 


The clock signal which enters on the CLKSH pin 
must be synchronous with the sampling frequency. 
As aresult, the external clock frequency Fe must be 
the sampling frequency Fj (the on-chip divider does 
not have to be used). 
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Figure 7 : External Driving of Output Sample and 
Hold (example). 


Hiqh-order, switched 
capacitor filter 
TSGF12 
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The clock signal applied on CLKSH pin has to be 
optimized in order to read a settled signal issued 
from the switched capacitor filter. 


On the example shown in figure 7, a 12th order low 
pass filter makes an ideal antialiasing filter to pre- 
cede data conversion. The filter precludes the need 
for oversampling when driving the A/D converter. 


CLKSH option is only available on TSGFO4 and 
TSGF12 arrays. 


USE OF THE MPF WITH - 5V/+5V DUAL 
POWER SUPPLY 


The adjustment of the DC output level of the M.P.F. 
is achieved by an external voltage source (for exam- 
ple, a bridge divider connected between the positive 
and the negative power supplies and whose the mid- 
dle point is connected to the LVL pin of the M.P.F.). 
If no output DC adjustment is required, the LVL pin 
can be directly connected to GND. 


The consumption of the filter can be also adjusted 
by means of an external resistance connected 
between GND (or V*) and the PWF pin of the circuit. 


The consumption can thus be chosen to match the 
particular application. 
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Figure 8 : Example of a TSGF08 Fed in Dual 
Supply : +5V, 0, -5V. 


GND (OR V+) 


PL = 20kQ (multiturn) 


10kQ < Rewer, Rewa < 75kQ 
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If the Op-Amps are not used, RPWA has not to be connec- 
ted between PWA and GND. 


The stand-by mode is obtained by strapping the 
PWF pin to V (or non connected). 


The adjustment of the power consumption of the two 
operational amplifiers can be achieved exactly like 
for the previous case, but via the PWA pin of the cir- 
cuit. The stand-by mode is also obtained by strap- 
ping the PWA pin to V (or non connected). 


The clock levels are TTL, but CMOS levels are ac- 
cepted. With these previous conditions, the output 
linear dynamic range of the M.P.F. is about 8V, 
between - 4.5V and + 3.5V. 


A capacitor Cepwecan be added in parallel with Rewe 
in order to improve the clock feedthrough rejection : 
(Typical value Cpwr = 33pF). 


As for all CMOS circuits operating with dual power 
supply (- 5V, 0, + 5V), it is advised to use clamping 
diodes (Threshold voltage less than 0.6V) (Schott- 
ky is preferrable) in order to avoid transients during 
power up which could drive TSGF circuits over their 
maximum ratings. Only 1 Schottky diode between 
GND and V+ is sufficient for TSGF products. 
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USE OF THE MPF WITH 0/10V SINGLE PO- 
WER SUPPLY 


In this case, Vis the reference ground of the circuit 
and GND must be adjusted to + 5V by means of the 
potentiometer PL (V+ - V)/2), or by using a simple 
bridge divider. But in that case small resistors va- 
lues (2kQ) have to be used in order to set GND at a 
low impedance value. 


The adjustments of the DC output level of the M.P.F. 
of the power consumptions of the filter and of the 
operational amplifiers can be achieved exactly like 
previously. 


The high level of the clock must be at least 1.4 up- 
per the GND level. 


With these previous conditions, the output linear dy- 
namic range of the M.P.F. is about 8V between 0.5 
and 8.5V. 


Figure 9 : Example of a TSGF08 FED, in Single 
Power Supply 0 - 10V. 


GND GND*(ORV+) GND *(ORV*) 


PL = 20kQ (multiturn) 
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“ GND is used, when the user provides the 5V voltage. 


USE OF THE MPF WITH 0/5V SINGLE PO- 
WER SUPPLY 


In this case, V is the reference ground of the circuit 
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and GND must be adjusted to + 2.5V by means of 
the potentiometer PL ( (V+ - V)/2), and one Op-amp 
used as buffer in order to provide a low impedance 
on GND reference. 


Otherwise, without Op-amp, a simple bridge divider 
is sufficient, but small resistor values (2kQ) have to 
be used in order to set GND at a low impedance va- 
lue. 


The other adjustments are achieved exactly like pre- 
viously except for bias resistance of the filter and of 
the operational amplifiers (Rewr and Rewa), whose 
must be exclusively to V+. 


The clock levels must be CMOS levels. With these 
previous conditions, the output linear dynamic 
range of the M.P.F. is about 2.2V, between 1.2 and 
3.4V. 


ANTI-ALIASING AND SMOOTHING 


Anti-aliasing : The switched capacitor filters are 
sampled systems and must verify the SHANNON 
condition imposing a sampling frequency (Fi) equal, 
at least, to the double of the upper frequency (Fc) 
contained in the spectrum to transmit. With this 
condition, no information is added or lost on the 
transmitted signal. This theorem describes the well- 
known phenomenon called spectrum aliasing 
shown figure 11 where the entire spectrum to trans- 
mit appears around Fi, 2 Fi, 3 Fj... and so on. 
Thus, ail spectrum components of the signal contai- 
ned around these frequencies are transmitted by the 
M.P.F., oppositively to the desired result. 


To cancel the effects of this phenomenon, it is re- 
quired, before all sampled systems, to filter all the 


Figure 11. 


GAIN ANTI-ALIASING 


FILTER TEMPLATE 


SPECTRUM 
TO 
TRANSMIT 


ALIASING OF THE SPECTRUM 
TO TRANSMIT AROUND Fj 


Phenomenon of the spectrunm aliasing 


spectrum components of the intput signal upper than 
Fi - Fe. An analog filter, called "anti-aliasing filter’, 
must be therefore applied before the M.P.F. 


Figure 10 : Example of a TSGF08 FED in Single 
Power Supply 0-5V. 


+ 


GND* ‘or Vv") +) 


GND®* (OR V 


PL = 20kQ (multiturn) 


10kQ. < Rewe, Rewa s 75kQ 
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“GND is used, when the user provides the 2.5V Voltage. 


WITHOUT ANTI-ALIASING FILTER, 
THE SPECTRUM COMPONENTS AROUND Fj 2F, 
ARE NOT STOPPED BY THE SAMPLED FILTER 


ALIASING OF THE SPECTRUM 
TO TRANSMIT AROUND 2 F, 


2F,+Fe 
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- Without anti-aliasing filter : Spectrum to transmit # transmitted spectrum 
- With anti-aliasing filter : Spectrum to transmit = transmitted spectrum 
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The selectivity of this filter depends upon the Fi/Fe relationships are described (figure 12). In these re- 


ratio. lationships, Fe is the cut-off frequency desired of the 
If F/Fe 200, a RC filter (first order low-pass) is suf-  2nti-aliasing filter and € its damping coefficient. For 
ficient. a cut-off as tight as possible and in order to correct 


the sin x/x effect, & must have a value around 0.7. 
iP E/es Doo a SALDEN EY ctuchinatsceondiers. “ee ee ale roe 


der low-pass) must be used. This structure and its 


Figure 12. 
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Ri = R2 = arbitrary value 

Fe = Cut-off frequency for the antialiasing filter. 

An optimal choice is Fc = 2 x cut-off frequency of the main filter 
& = damping coefficient ; the optimal value is 0.7 


C1l= —W 

2nRiFc 

(C1 = &2 - C2) 
1 

ea 

2n—R1Fc 


SALLEN-KEY structure (second order low-pass Filter) for anti-aliasing and smoothing. 
Note : If F/F-. 2 (figure 13), the spectrum to transmit and the spectrum aliased have a part in common and it becomes impos- 
sible to share the useful signals from the undesirable signals. 


Figure 13. 


ALIASING OF THE 


SPECTRUM AROUND fF; 


E88TSGFSERIES-16 


When Fi/Fc<2, the spectrum component included between Fi-Fc and Fc and which are due to spectrum aliasing are not 
stopped by the sampled filter. 
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» Smoothing : As the signal obtained at the output SON has designed, on the TSGF chip one or, two 
of the M.P.F. is a sampled and hold signal, it is general purpose operational amplifiers. A few ex- 
often required to smooth it. This smoothing filter ternal components are therefore sufficient to 
can be achieved from the SALLEN-KEY struc- achieve these functions (figure 14). 
ture previously described (figure 12). On the other hand, in the most of M.P.F.’s, a spe 

» Hardware implementation : In orderto make €a- —_—_ cial integrated cell is included in the chip (cosine 
sier anti-aliasing and smoothing. SGS-THOM- filter) to reduce the aliasing effects around Fi. 

Figure 14. 
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M.P.F. With anti-aliasing and smoothing filters 

PL = 20kQ (multiturn) 

10kQ < Rewer, Rewa < 75kQ 

R1,R2,C01,C2 See anti-aliasing 

R'1, R’2,C'1,C’2 J and smoothing considerations 


Figure 15. 
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Second order low-pass Filter (SALLEN-KEY STRUCTURE) with a transistor replacing the operational amplifier. 
Nonetheless, if the application allows it, these two operational amplifiers can be used to implement other 
functions (gain, comparator, oscillator...). 

In this case, the circuit shown figure 15 can be used as anti-aliasing or smoothing filter. This structure is the 
same as the SALLEN-KEY structure described figure 12 (second order low-pass), in the same way as the 
corresponding relationships. 
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CUT-OFF FREQUENCY DEFINITION 
Figure 16 : Design Specifications. 
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The cut-off frequency Fe is the passband limit fre- The passband ripple is design dependent and 
quency as defined on the design specifications between 0.05cB and 0.2dB with TSGF standard fil- 
above mentioned. The maximum value of the atte- ters. The parameters Go called passband gain is the 
nuation variation in the passband : Ap is 3dB for But- maximum value of the gain in the passband, and 
terworth, Bessel and Legendre filters (figure 17a), may have low variation from part to part. 


and is called passband ripple for Chebychev (figure 
17b) and Cauer filters (figure 17c). 


Figure 17a. Figure 17b. Figure 17c. 


Fe Fs Fe Fe Fe Fs 
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ELECTRICAL SPECIFICATION 


The following electrical characteristics are common 
to the 3 base filter arrays TSGFO4, TSGF08 and 


ABSOLUTE MAXIMUM RATINGS 


TSGF12, because their structures are designed 
with the same basic components. 


Tamb = 25°C, V+ = 5V, GND = OV, V— =— 5V, Ipwe = 100A (unless otherwise specified) 


[Symbol] Parameter | Va Unt 
(V-) ~ 0.3 to (V+) + 0.8 


WARNING : DUAL POWER SUPPLY 

(- 5V, 0, + 5V) 

Although TSGF circuits are internally gate protected 
to minimize the possibility of static damage, MOS 
handling and operating procedure precautions 
should be observed. Maximum rated supply vol- 
tages must not be exceeded. Use decoupling net- 
works to remove power supply turn on/off transients, 


Do not apply independently powered signals or 
clocks to the chip with power off as this will forward 
bias the substrate. Damage may result if external 
protection precautions are not taken : 


As for all CMOS circuits operating with three supply 
voltages (V+, GND, V-), it is advised to use clam- 
ping diodes (Schottky is preferable), in order to 
avoid transient during power up that would drive the 


ripple and switching transients. circuit over its maximum ratings (see figure 18). 


Figure 18 : Application Hint for CMOS ICs with Three Supply Voltages. 


Threshold voltage 
less than 0.6 V vt 


GND 


l 
TSGF 
Unnecessary for TSGF_ FF : 7 os 


circuits 
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ELECTRICAL OPERATING CHARACTERISTICS 


TSGF SERIES 


V+ = 5V, GND = OV, V- =— 5V, Tamp = 25°C, Ipwre = 100A (unless otherwise specified) 


Input Voltage (*) (with filter gain = OdB) 


TTL Clock Input "0" (**) 


| Vin | TTL Clock Input main (=) 


Output Resistance 


Note : with supply (0, + 10V) : same specifications 


[Symbor] SSS arameter ——SSSSSC*dCins | typ | Mex nit 
[ve _| postive Suppy vole ——=SSCSCs=C“C~*~“*S*Ss~sSCC Sd 
Tv | Negative suppiy Votago—=—=~=“‘“‘CSUSC™#*#~spé~«e +4 -s [| -« pv 
Vous | Output Vote Swing ()SSSS* | «dT Ve 


Bias Current on PWF (stand-by mode by connecting ae | 
to V) 


Vin 
| Top | Ext. ClockPulseWidth | 8 
og mice 
| Output Resistance 
| C._|LoadCapacitance 
| RL | boadResistance CT tt | tk 


with single supply (0, + 5V) : contact SGS-THOMSON sales office or representative. 


(*) Depending on Ipwr current 
("") TTL levels are referenced to GND voltage 


Other filter's characteristics, such as noise, power 
supply rejection ratio, total harmonic distortion... are 
filter dependent. As aresult, for such characteristics, 
SGS-THOMSON can only guarantee the lower le- 
vel of performance for each parameter, as indicated 
below. (this lower level has been determined from 
measurements on a set of hundred different TSGF 
filters, as shown in figure 19). 


PSRR+> 2dB: V+ Power supply rejection ratio. 
PSRR-—> 10dB: V Power supply rejection ratio. 


Vn < imVrms : Vn is the total output noise voltage 
measured in the passband of the filter. 


SNR > 57dBm/600 Ohm : Signal to noise ratio with 
Vin = 775mVrms. 


SNR > 65dBV : signal to noise ratio with 
Vin = 2Vrms. 


THD < 0.1% : Total harmonic distortion. 
As such characteristics are not predictable from si- 


mulation results, their typical values are provided 
from measurements of the customized filter proto- 
types. (These measurements could be performed 
by SGS-THOMSON on special request). 


These typical values, obtained with TSGF products, 
are better than the lowest level guaranteed, and 
designers can get a more accurate idea about them 
by two means. 


1) Such characteristics are given for general-pur- 
pose filters. Refer to TSG85xx, 86xx, 87xx data 
sheets. 


2) Figure 19 gives histograms of the 5 parameters 
discussed above. These histograms indicate the 
distribution of the typical value of the considered pa- 
rameter over a Set of hundred different TSGF filters. 
(Note that the aim of these histograms indicate the 
dispersion of the considered characteristic for a gi- 
ven TSGF filter). 
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Figure 19 : Distribution of Typical Value Over a set of Hundred Different TSGF Filters. 
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Figure 20 : Method of Noise Measurement. 


F requency 
Synthesizer 


L 
v 
GNO 
Position 1 : Calibration of the spectrum analyzer to OdBV (1Vrms). 
Position 2 : Measurement with filter input connected to GND. 
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Total Harmonic Distortion 
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Figure 20 : (continued). 


SPSe (tet noe cently BW «= selectable bandwidth of the spectrum analyzer. 
S tw) BP = considered MPF bandwidth to analyze. 


ViVi 


Freq (Hz) 
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UNCOMMITTED ON-CHIP OPERATIONAL AMPLIFIERS 
V+ = 5V, GND = OV, V- =— 5V, Tamp = 25°C, RL = 2kQ, Ipwa = 100A aa otherwise Sc 


Go * DC Open Loop Gain (without load) tte ee vat 
Go ~ 60 75 dB 


Ses Ba ae Preset ant eae) 
| Vio_| Input Offset Voltage (without load) a eee 


ry a 


| te__| Input Bias Current (without oad) res a 
Eon oT ee Oe ae ee De 
| CMR Common Mode ee oar = 1V (without load) 2} 8 
ri (aa ee 


la * Supply Current 2.6 3.2 mA 
la~ 2.6 3.2 mA 
SR* | Slew Rate V/us 
SR : V/us 
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USER'S GUIDE OF Ipwa AND Rpywa FOR UNCOMMITTED ON-CHIP 
OPERATIONAL AMPLIFIER 


GAIN BANDWITDTH PRODUCT (MHz) 


' (pA) 
50 100 150 200 250 re 
—$ $f $$$ }— 
a i eg — Rowan (2) 
74 34 21 15 10 Connected to GND 
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CAD SOFTWARE : FILCAD 


In order to take full advantage of its Mask Program- 
mable filter TSGF approach for Semicustom 
applications, SGS-THOMSON has developed a 
comprehensive software package called FILCAD® 
to cover all the development steps, starting from the 
feasibility evaluation of the customer's specifica- 
tions, up to the single-metal interconnection routing 
required for the MPF customization. 


More specifically, the FILCAD system gives the de 
signer strong assistance during the following 
steps : 


- Evaluation of MPF solutions well suited to specific 
filter circuit requirements, 


- Filter synthesis, leading to a switched capacitor 
electrical schematic, 


- MPF filter simulation (performed with MPF capaci- 
tor capabilities), 


- Schematic capture and routing of the optional 
connections, 


- Layout file generation, and final verification perfor- 
med by accurate post-routing simulation. 


All FILCAD modules run on VAX® under VMS ope- 
rating System, and are linked toghether as shown 
in figure 21. All modules are fully described in the 
TSGF’s User’s manual (Vol. 5 of S@S-THOMSON 
ASIC User's Manuals). 
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The entry to FILCAD is the customer filter specifica- 
tion which can be provided to SGS-THOMSON in 
different forms : 


- amplitude - phase - group delay templates 

- poles and zeros 

- biquadratic cell coefficients 

- polynomial transfer functions 

In addition SGS-THOMSON can perform feasibility 
study of customer specific filter circuits : in order for 
customers to get fast and accurate answer, SGS- 
THOMSON generated a feasibility analysis TSGF 
questionnaire that customers are kindly required to 
fill. This questionnaire is available on request at 
SGS-THOMSON Design centers or nearest sales 
office or representative. 

MPF® and FILCAD © are registered trademarks of 
SGS-THOMSON. 

VAX® is a registered trademark of Digital Equip- 
ment Corp. 

FILCAD, CAD software package developed by 
SGS-THOMSON for Switched Capacitor Filter 
designs, TSGF series, is also available for mixed 
analog-digital TSGSM Standard Cells or Full 


custom circuits integrating TSGF-like filtering func- 
tions. 
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Figure 21. 
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Theoretical 
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leapfrog structure biquad. cascade 
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——s>- 


Post routing 
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SCAPTURE 


GDS2 layout file of 
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*S.C.F. Switched capacitor filter 


E88TSGFSERIES-33 


FILCAD is a trademark of SGS-Thomson 
SWITCAP is a trademark of Columbia University 
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TSGF DEVELOPMENT FLOW 


CUSTOMER ~~" = SGS-THOMSON 


TSGF FEASIBILITY 
QUESTIONNAIRE 


CUSTOMER 
SPECIFICATIONS 


SGS-THOMSON ———— CUSTOMER 


FEASIBILITY 
ANALYSIS STUDY 


PROPOSAL OF TSGFXX 


TECHNICAL SPECIFICATIONS 
+ QUOTATION 


CUSTOMER 
APPROVAL 


DELIVERY OF 
TSGF SPEC. PROPOSAL 


DELIVERY OF 


TSGF FILTER DESIGN 


+ SIMULATION 


CUSTOMER 
APPROVAL 


LAYOUT 


SIMULATION RESULTS 
(LISTING FORM) 


PERSONNALIZATION 
MASK TOOLING 


“~GFXX BASE 
WAFER METALLIZATION 


WAFER 
PROBE 
ASSEMBLY !N 
CERAMIC PACKAGE 


PROTOTYPE 
“ENAL TEST 


DELIVERY OF FULL 
TESTED PROTOTYPES 


CUSTOMER 
APPROVAL 


PRODUCTION 


| VOLUME | 


SGS-THOMSON proposes presently 2 design inter- 
faces to customers for the design of their filter cir- 
cuits with TSGF series : 


- design entirely done by SGS-THOMSON within its 
Design Centers ; 


ky 
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- design done by customer up to simulation and then 
completed by SGS-THOMSON. 


The table below outlines customer and SGS- 
THOMSON respective responsibilities for these 2 
design interfaces. 
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DESIGN INTERFACES 


= 2 [= fm 


Theoretical Synthesis SGS-THOMSON 


Final Schematics 


Additional Simulation 


Approval 

Schematics Capture 

Layout - Personnalization Mask Generation 
Post Routing Simulation 


DOCUMENTATION AND SUPPORT 


In order to bring users the maximum support on swit- 
ched capacitor TSGF filter arrays, S@S-THOMSON 
generated a complete set of documentation and 
tools which are available on request : 


* TSGF User’s Manual 

* Application Notes 

a ANO52 : How to choose a filter in a specific ap- 
plication 

# ANO61 :implementation and applications around 


Switched Capacitor Filters SYCAB SGS-THOMSON Customer 
Schematics before Scaling or 
SAFIR 


SIRENA SGS-THOMSON 
(SWITCAP) 

SIRENA SGS-THOMSON 
(SWITCAP) 


SCAPTURE SGS-THOMSON 
SGS-THOMSON | SGS-THOMSON 


SIRENA 
(SWITCAP) 


Customer 


Customer 


Customer 


SGS-THOMSON 
SGS-THOMSON 


SGS-THOMSON SGS-THOMSON 


Standard MPFS 

a ANO69 : A supplement to the utilization of swit- 
ched capacitor filters. 
ANO70 : Band Pass and Band Stop Filters. 

=» ANO75: Signal detection and sinewave genera- 
tion. 


* MPF’s evaluation boards. 
* TSGF feasibility/analysis questionnaire. 


In addition specialists can be contacted within SGS- 
THOMSON Microelectronics Filter Design Centers. 
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2" To 4'" ORDER ANALOG FILTER ARRAY 


With the TSGF04 array, whose block diagram is gi- 
ven below, user is given 2 different pin-out configu- 
rations : 
. 8 pin DIL only-the filter up to 4th order is ac- 
cessible. 
- 14pin DIL version where in addition, one un- 
committed Op-amp and one internal oscilla- 
tor capability are offered. 


When the external driving of output sample-and- 
hold is used (CLKSH pin), PWF pin realizes the po- 
wer adjustement of both uncommited Op-amp and 
filter unit. 


TSGFO04 are also available in SO wide package ver- 
sion (0.3 inch) : 16 pin version only. 


TSGF04 (Plastic Package) 
BLOCK DIAGRAM 
See figure 4 (E88TSGFSERIES-05) 


PIN CONNECTIONS 


12] 1 CLK IN 


10{ | PWA or CLK SH 


E88TSGF04-01 


8 pins : FILTER ONLY E88TSGF04-02 
Compatible with TSGF08 14 pins : Filter 


>+10Op-Amp 


Gy sistmomson 807 
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TSGF04 


CLOCK OSCILLATOR 


The TSGF04 base accepts external compatible . with 14-pin package, via CLKM pin. 

TTL/CMOS clocks on CLKIN pin and provides an . with 8-pin package, by internal connection readi- 
internal oscillator performed either by RC or crystal ly performed, only on custom filters. 

connected between CLKIN and CLKR pins. (Note that CLKM pin connected to V+, allows the 
The clock selection mode is provided by CLKM pad selection of the internal crystal-controlled oscillator, 
which can be connected to V- or GND voltage le- but the selection by CLKM connected to V- is recom- 
vels. This connection is realized by two means, de- mended). 

pending on the package type chosen : The different possibilities are : 


- two internal oscillator modes : 
CLK IN CLK IN 


CLK M ——jcuk 


GND iene 


E88TSGF04-03 E88TSGF04-04 


CLK R 


- three external clocks : CLK IN 


- low-TTL 
- high-TTL CLKM 
- CMOS 

GND 


E88TSGF04-05 


The "low-TTL" and "high- TTL" clock levels are : 


10 V (resp + 5 V) 


Low-TTL ee ee ee ee ee ee 5 V (resp. OV) 
OV (resp. - 5V) 

a oe 5 V (resp. + 10 V) 

High-TTL OV (resp + 5V) 


5 V (resp OV) 


E88TSGF04-06 
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For each package version, the following tables re- 
sume, the availability of the different clocks, in terms 
of the power supply. 


Note that in 8-pin version, the clock mode (CLKM) 


[osv [ onov | sev 
tow [NO 
Trign-tre | NO 


C = Customization option. 


[no [no | 


TSGF04 


is internally set to GND voltage, except in the case 
of CMOS clock and 0-5V power supply, where 
CLKM is internally connected to V- voltage. 


a ee ee 
CLKM=GN 
CLKM=GND|CLKM=GN 


O0;|O 


ELECTRICAL OPERATING CHARACTERISTICS : 


WITH SINGLE SUPPLY VOLTAGE : 


Tamb = 20°C, V + = 10V, V—= OV, GND = SV (unless otherwise specified) 


CLK 


External Clock Frequency 


RC MODE : 
High Threshold Voltage on CLKIN 
Corresponding Voltage on CLKR 


Threshold Voltage 
Ve 


Low Threshold Voltage on CLKIN 
Corresponding Voltage on CLKR 


Oscillator Frequency 
Resistor 
Capacitor 


V- CRYSTAL MODE : 
Oscillator Frequency 
Resistor 
Capacitor Cr 
Capacitor Cin 
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ELECTRICAL OPERATING CHARACTERISTICS (continued) 


WITH DUAL SUPPLY VOLTAGE : 
Tamb = 25°C, V + = 5V, V—=—5V, GND = OV (unless otherwise specified) 


Parameter 


GND Threshold Voltage 
External Clock Frequency 


V- RC MODE : 
High Threshold Voltage on CLKIN 
Corresponding Voltage on CLKR 


Low Threshold Voltage on CLKIN 
Corresponding Voltage on CLKR 


Oscillator Frequency 
Resistor 
Capacitor 


CRYSTAL MODE : 
Oscillator Frequency 
Resistor 
Capacitor Cr 
Capacitor Cin 


WITH SINGLE SUPPLY VOLTAGE : 
Tamb = 25°C, V + = 5V, V—= OV, GND = 2.5V (unless otherwise specified) 


Parameter 


GND Threshold Voltage 
External Clock Frequency 

V- RC MODE : 
High Threshold Voltage on CLKIN 
Corresponding Voltage on CLKR 


Low Threshold Voltage on CLKIN 
Corresponding Voltage on CLKR 


Oscillator Frequency 
Resistor 
Capacitor 


CRYSTAL MODE : 
Oscillator Frequency 
Resistor 
Capacitor Cr 
Capacitor Cin 
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With internal RC oscillator mode, the user’s guide for R and C choice is given by following curves and for 
F (Hz) 


INVERTING TRIGGER FUNCTIONING FREQUENCY VARIATION AS FUNCTION OF R 
both supply voltages : 0.5V, 0.10V. 
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PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP 


(1) Nominal dimension 


(2) True geometrical position 


14 PINS - PLASTIC DIP 


(1) Nominal dimension 
(2) True geometrical position 


| 4 Pins 
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TSGF08 - 4!" To gt8 ORDER ANALOG FILTER 


The TSGFO08 array provides users with filter integra- 

tion from 4th to 8th order. 2 package versions are 

offered to users : 

- 8 pin DIL, where only the filter unit is accessible, 

- 16 pin DIL, where 2 uncommitted Op-amps are 
added to previous version. 


TSGFO08 are also available in SO wide package ver- 
sion (0.3 inch) : 16 pin version only. 


TSGF08 
BLOCK DIAGRAM 
See figure 4 (E88TSGFSERIES-05) 


(Plastic Package) 


PIN CONNECTIONS 


E88TSGF08-01 


E88TSGF08-02 


8 pins : FILTER ONLY 16 pins : Filter 
Compatible with TSGF04 :>+20p-Amp 


Compatible with TSGF12 (with a single filter) 
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TSGF08 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP 
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(1) Nominal dimension 


(2) True geometrical position 


(1) Nominal dimension 
(2) True geometrical position 


22.44 max. 


16 pins 
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TSGF12 - 8" To 12% ORDER ANALOG FILTER 


TSGF12 array offers the capability to integrate ei- 
ther one single from 8th to 12th order or 2 different 
filters whose sum of orders cannot exceed 12. 


These 2 different filters can have either same clock 
or 2 different clock inputs. 
The TSGF12 pecnge versions are : 
-—16pinDIL : 1 filter +2 Op-amps 
-16pinDIL : 1 filter +2 Op-amps 
+ driving of output S/H 
—-16pinDIL : 2 filters + 1 Op-amp 
+ 2 Clock inputs. 
-—18pinDIL : 2 filters + 2 Op-amps 
+ 1 clock input. 
—20pinDIL : 2 filters + 2 Op-amps 
+ 2 clock inputs. 
—20pinDIL : 2 filters + 2 Op-amps 
+ 2 clock inputs 
+ driving of output S/H. 


TSGF12 array are also avaialble in SO wide 


(Plastic Package) 


package version (0.3 inch) : 18 and 24 pin versions. P SUFFIX 
In case of dual filter integration, the CLKSH pin ope- DIP-18 
rates only on the output of filter n° 1 (OUTPUT 1). (Plastic Package) 


In the same case, for the 16 pin version, only LVL2 
pin is available : therefore user can only adjust the 
Output DC level of filter 2. 


Clock divider : 


The number of dividers by 2 available on TSGF12 
array is 8. 


Therefore in case of dual filter on chip integration, 

there are 2 possibilities to use the clock divider : 

. if one filter does not require internal dividers, the 
8 dividers by 2 are available for the second filter ; 

- if the first filter requires n internal dividers, it re- 


mains only 7-n ones available for the second fil- P 


(Plastic Package) 


TSGF12 
BLOCK DIAGRAM 
See figure 4 (E88 IT SGFSERIES-05) 
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PIN CONNECTIONS 


E88TSGF12-01 


16 PINS : 2 filters 
+10OP-Amp 
+ 2 Clock inputs. 


16|_] CLK SH 


E88TSGF12-03 
16 PINS : 1 filters 


+ 2 OP - Amps 
+ Driving of output S/H. 


E88TSGF12-05 


E88TSGF 12-02 


16 PINS : 1 filter 
+2 OP -Amp 
Compatible with TSGF08 


E88TSGF12-04 


18 PINS : 2 filters 
+1 OP -Amp 
+ 1 Clock input. 


E88TSGF1 2-06 


20 PINS :2 filters 


20 PINS : 2 filters + 2 OP - Amps 
+ 2 OP - Amps + 2 Clock inputs 
+ 2 Clock inputs. + Driving of output S/H. 
34/37 
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TSGF12 


PACKAGE MECHANICAL DATA 
16 PINS - PLASTIC DIP 


(1) Nominal dimension 
(2) True geometrical position 


18 PINS - PLASTIC DIP 


en te 


(1) Nominal dimensio 
{2) True geometrical position 


22.44 max. 
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TSGF12 


20 PINS - PLASTIC DIP 


e=- 2,54(2) 


e e e€ e e e - 


(1) Nominal dimension 
(2) True geometrical positior 
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ORDER CODES 


.t,5 ,O,F, 9, 8,1,5,4,A, Vv, LP ,D, 
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Mask Programmable 
Filter Family 


Filter Array 


04 : 2nd to 4th order 
08 : 4th to 8th order 
12 : 8th to 12th order 


Screening Class 


D : Burn-in 
Standard 


Package 
Cc Ceramic DIL 
Jo: Cerdip DIL 
P 
F 


Plastic DIL 


P : SO 


Operating 


Temperature Range 
C : 0°c,+70°C 
Customer identification i — 25°C, + 85°C 
Number M — 55°C, + 125°C 
V — 40°C, + 85°C 
T — 40°C, + 105°C 


Revision 
index 
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3.0/2 POLY / 1 METAL HOCMOS 


TSGSM SERIES 


MIXED ANALOG-DIGITAL STANDARD CELLS 


» ADVANCED HCMOS TECHNOLOGY : 
- 3.5u drawn channel length 
. 2 polysilicon layers 
- 1 metal layer 
- P well silicon gate CMOS process 
a HIGH LATCH-UP IMMUNITY 
a FULL ESD PROTECTION 
=» POWER SUPPLY 
Maximum ratings : - 0.5V to + 12V 
Operating conditions : 3 to 10V 
a EXTENSIVE MACROCELL LIBRARY 
- 94 logic cells 
- 66 analog cells 
with programmable cells : soft macro cells, 
abuttable cells 
a INPUT/OUTPUT CELLS 
Compatibility : TTL or CMOS levels 
Configurability : input/output/bidirectional 
i/o/analog I/O ... 


Figure 1 : Example of TSGSM Chip Layout. 


a CAD SOFTWARE SUPPORT 
- ADS (Analog Design System) 
_ Fully integrated (+ FILCAD™ for filter design) 
. Flexible design interfaces 

» OPERATING TEMPERATURE RANGE 


COMMERCIAL : 0 TO +70°C 
INDUSTRIAL: -40 TO +85°C 
MILITARY : -55 TO +125°C 


a» PACKAGE OPTIONS 
DIL: PLASTIC OR CERAMIC 
SMD: SO, PLCC, LCCC, QF 


DESCRIPTION 

The TSGSM Series, mixed analog-digital Standard 
Cell products from SGS-THOMSON Microelectro- 
nics, represents a major step allowing the system 
designer dealing with both digital and high level ana- 
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TSGSM SERIES 


log functions to benefit of the state of the art semi- 
custom circuit integration capabilities. 


The large variety of predefined and precharacteri- 

zed functions ranging : 

a in digital from simple gates to counters, regis- 
ters... 

a in analog from single operational amplifier to A/D 
or D/A converters, switched capacitors filters ... 


TSGSM ARCHITECTURE 


TECHNOLOGY 


TSGSM Series developed by SGS-THOMSON is 
using an advanced silicon gate P well, dual poly-si- 
licon layer, single metal layer HCMOS technology. 


The process is very well suited for the design and 
integration of high performance analog functions 
combined with digital. It achieves operating speeds 
up to 15MHz for the digital part of the TSGSM cir- 
cuit. 


Thanks to the 2 polysilicon layers, TSGSM Series 
can integrate high accuracy switched capacitors fil- 
ters based on the same concept of TSGF Series, 
switched capacitor Filter Arrays (Refer to 
TSGF04/08/12 Data Sheet). True capacitors are 
realized with Poly 1 and Poly 2 layers. 


CELLS 


Predesigned and precharacterized Macrocells are 
selected, placed and interconnected on the chip to 
implement the mixed analog-digital function. 


CELL LIBRARY 


The TSGSM Macrocell library features around 160 
different macros : 

. 94 digital cells. 

- 66 analog cells. 


The main characteristics of TSGSM library is to of- 
fer users a high flexibility for cell definition and ge- 
neration : 

a The DIGITAL LIBRARY provides in addition of 
existing hard macros the capability to generate 
soft macros like counters, shift registers, divi- 
ders... 

These modulo N parameterized cells are gene- 
rated at the layout level by lateral abutment of 
hard macros. 

=» The ANALOG LIBRARY presents particular fea- 
tures such as: 

. Biasing strategy with a current bias generator, 
programmable current mirrors, and current 
biased cells and voltage biased cells. 


has been proven extremely efficient in the design of 
many mixed HCMOS Analog-Digital ASIC’s circuits 
in such various applications as consumer, compu- 
ter, industrial, military, telecommunications and 
automotive fields. 


Digital and Analog Macrocells have different height, 
as shown on the chip layout of fig. 1. In addition 
some cells like A/D or D/A converters are designed 
as fixed blocks. 


CHIP TOPOLOGY 


The inputs and outputs of cells are interconnected 
by using 2 conductive layers : polysilicon and me- 
tal. 


The chip layout is composed of cell rows, whose 
number is determined to optimize the die size, and 
of horizontal routing channels. 


Peripheral cells surround the internal active chip 
area in order to interface it with its external environ- 
ment. 


Despite the row base architecture complex block 
functions can be placed and routed on the chip. 


Generally for design optimization purpose, power 
busses of the analog and the digital parts of the chip 
are routed separately. 


. Useof programmable cells for capacitor fields 
(0.1 to 30pF typically), resistor fields (150 to 
1.8MQ), bipolar transistors, MOS transistors, 
Current mirrors. 

. Grounded shield for power supply rejection 
improvement. 


The complete TSGSM library is fully described wi- 
thin the TSGSM User’s Manual of the SGS-THOM- 
SON library. 


Fig. 4 and Fig. 5 give an abstract of all available di- 
gital and analog cells within TSGSM' library. 


For more details, users have to refer to the TSGSM 

User's Manual they can require to their nearest 

SGS-THOMSON sales office or representative. 

Note : SGS-THOMSON can develop on request a 
special cell for a specific customer circuit : 
new cell or existing cell with different electri- 
cal characteristics. 
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Figure 2 : Example of Interconnection between Analog and Digital Cells. 
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Figure 3 : Example of a Mixed Analog-Digital Function. 
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Figure 4 : TSGSM Series Digital Library Abstract. 
INTERNAL CELLS 


ae Number of Different 
Cell Type Description Options (1) 


AND Gates 

AND into NOR Gates 

D Flip-flops 

D Latches 

Exclusive NOR 
Exclusive OR 

D Flip-flops (2 clocks) 
Dual Buffers 

Inverters 

Tri-state Internal Buffers 


f& Ww 


Multiplexers 

NAND Gates 

NOR Gates 

OR into NAND Gates 


OR Gates 

Toggle Flip-flops 

Schmitt Triggers 

Level Shifters 

Supply Cells 

Clock Generators 

Non-overlapping 4-phase Clock Generator 
Non-overlapping 2-phase Clock Generator 
Delay Inverter 


S~- =] WNWWOWOWNDFAKRWOWONDAN HH TOA 


(1) For each type of cell, the TSGSM library provides extensive number of options as for example : 


- NAND type cells : 2, 3, 4 or 6 input NAND’s 
- D flip-flop cells : with low set, with low reset .. 
- input buffers : TTL, CMOS, with pull-up... 
4 
a a {57 SGS-THOMSON 
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Figure 4 (continued). 
1/O CELLS 


Number of Different 


Output Buffers 
Power Pads 
Tri-state Output Buffers 
Input Buffers 

Bidirectional Buffers 
Open-drain Output Buffers 


(1) For each type of cell, the TSGSM library provides extensive number of options as for example : 


- NAND type cells : 2,3, 4 0r 6 input NAND’'s 
- D flip-flop cells : with low set, with low reset... 
- input buffers : TTL, CMOS, with pull-up... 


Figure 5 : TSGSM Series Analog Library Abstract. 
INTERNAL CELLS 


Comparators 

N MOS Transistors 

P MOS Transistors 
Oscillators (crystal RC) 
Power on Reset 

Switches 

Schmitt Trigger 

Capacitor Fields 

Bias for Op amps and Transconductance Amplifiers 
Bipolar Transistors 
Operational Amplifiers 
Output Stage for Op Amp 
Transconductance Amplifiers 
Resistance Fields 
Potentiometer Fields 
Voltage Reference Bandgap 
Zener Diodes 

Current Mirror Source-sink 
Bias Current Generator 
Current Mirror Source/sink 
Internal V*/V~ Analog Cell 
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BLOCKS AND SOFT MACROS 


D Number of Different | Metal Mask 
Cell Type escription Options Programmable 


8 Bit Analog to Digital Converters 
12 Bit Analog to Digital Converter 
8 Bit Digital to Analog Converter 
LCD Drivers 
Biquadratic 2nd Order Filter 

LCD Voltage Reference 
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ADS ANALOG DESIGN SYSTEM 


The SGS-THOMSON TSGSM Series is fully sup- 
ported by a complete Computer Aided Design 
(CAD) system. The SGS-THOMSON CAD system, 
ADS, is complete in that once a design is entered 
all the tools necessary to complete that design are 
available to the user in this one system. 


These tools include schematic capture, logic and 
analog simulations, fault simulation, automatic 
place and route, parasitic delay extraction and test 
pattern generation. 


ADS_ANALOG DESIGN SYSTEM is available on 
DEC™ vAx™ computer systems. 


In addition, the TSGSM library is implemented on 
CAE workstations : 

.- Mentor 

Daisy™ 

SGS-THOMSON developped direct interfaces be- 
tween these CAE workstations and its ADS system. 


The ADS package allows the development of ana- 
log and digital standard cell circuits so easily that 
each system designer can handle it. 


The development of mixed analog and digital circuit 

is done with advanced concepts such as : 

. parameterized cells (resistors, capacitors, cur- 
rent generators ...) 

. metal mask programmable cells (switched capa- 
citor filters ...) 

. compiled cells (bit slice concept for digital func- 
tions like counters, dividers ...). 


The main CAD tools available within ADS are : 


» SCHEMATIC GRAPHIC CAPTURE 


sps™ provides graphic capture of schematic cir- 
cuit diagram. Designer can greate blocks by using 
the 100% hierarchy of SDS T™ and also can specify 
values of parameterized cells. 


After the net list generation, the modules generated 
under SDS™ are oriented automatically thru logic 
or analog simulation. 


» LOGIC SIMULATION 


HILO3™ hierarchical logic simulator, allows design 
verification and timing analysis of the circuit. A pre- 
layout timing analysis is run with calculated delays 
based on fanout, VDD, temperature and best, typi- 
cal or worst case process conditions. 


The 2 input files to HILO3™ are the net list genera- 
ted from graphic capture and the input test pattern 
description. 


HILO3™ simulator allows mixed analog and digital 
simulation for analog cells rang an equivalent mo- 
del described under HILO3" 


n ANALOG SIMULATION 


H3SPICE electrical simulator allows pre-layout or 
post-layout timing analysis of the analog blocks of 
the circuit. 


H3SPICE input files are the netlist and the input test 
pattern descriptions. 


With the improvements brought by SGS-THOM- 

SON to H3SPICE, the analog simulator becomes a 

powertul CAD tool : 

- special level modelling for speed improvement 
on digital sub-circuits, 

. fast execution on full analog part of TSGSM cir- 
cuit, thanks to macro modelling, allows simula- 
tion of large analog blocks. 


s PLACEMENT AND ROUTING 


CALMP™ software is an efficient standard cell auto- 

matic place and route whose main features are : 

. use of different heights of cells on the chip 

. interactive pre-placement of blocks, cells and 
I/O’s for die size optimization 

. capability to force priorities on nets for critical 
path routing 

. capability to generate soft macros, blocks by cell 
abutment. 


A check program performs at the end of the layout, 
design rule checking and verifies conformity of the 
graphic data base versus the schematics data base. 


a PARASITIC DELAY EXTRACTION 


ADS is computing the exact parasitic delays brought 
by the placement and routing. Delays are based 
both on resistance and capacitance of each inter- 
connect. 


As soon as the parasitic RC delays are extracted, 
user can run a post layout simulation for accurate ti- 
ming new analysis. 


a» TEST GENERATION 


According to the input test patterns already descri- 
bed, user can determinate the testability coverage 
ratio of its digital test sequence thanks to the fault 
simulator which is incorporated within HILO3™ 


Depending of the fault simulator results user can ge- 
nerate new input test patterns in order to improve 
testability coverage. 
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ADS software converts automatically the post layout 
simulation (with parasitic delays) file into test pat- 
terns directly compatible with SGS-THOMSON test 
equipments. 


Atsame time static and dynamic parameters are ad- 


TSGSM SERIES 


ded to the functional test pattern file : all input/out- 
put levels are tested during the functional test se- 
quence. 


Fig. 6 outlines the SGS-THOMSON approach for 
the design of analog or mixed analog/digital circuits. 


Figure 6 : SGS-THOMSON CAD Tools and Product for Analog and Mixed Analog-Digital Circuits. 


DIGITAL 
LIBRARY 


ANALOG 
LIBRARY 


SWITCHED CAPACITOR 
FILTERS 


FILCADIM 


STANDARD CELL 
APPROACH 


MIXED ANALOG-DIGITAL 
STANDARD CELLS 
TSGSM SERIES 


One of the particularities of TSGSM series is to pro- 
vide switched capacitor filter integration capabilities. 
The filter cells available within TSGSM library are 
identical to those used on the SGS-THOMSON 
Analog Filter Arrays, TSGF Series, which are mask 
programmable switched capacitor filters. 


For filter synthesis, simulation and layout, designers 
a ene an efficient Filter CAD design tool : FIL- 


= more informations about SGS- THOMSON swit- 


GATE ARRAY 
APPROACH 


MASK PROGRAMMABLE 
FILTER ARRAYS 
TSGF SERIES 


ched capacitor filter design solutions and CAD tools, 
please refer to TSGF04/08/12, 4th to 12th order 
switched capacitor filter arrays data sheet. 


Fig. 7 shows the development phases of a TSGSM 
Series standard cell. The design translation phase 
up to the prelayout simulation can be done either on 
CAE workstations like Daisy § Systems ~ and Men- 
tor Graphics™, or on VAX™ computer with ADS 
Analog Design System. 
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Figure 7 : TSGSM Series Development Flow. 


| DESIGNPREPARATION — | 
SCHEMATIC GRAPHIC ENTRY | 
1 INPUT SIGNAL DESCRIPTION 


| DIGITALSIMULATION | PARAMETERIZED AND 
7 | COMPILED CELLS GENERATION 


AUTOMATIC PLACEMENT 
AND ROUTING 


| ANALOG SIMULATION 


PARASITIC DELAY 
EXTRACTION 


POST LAYOUT 
ANALOG SIMULATION 


POST LAYOUT 
DIGITAL SIMULATION 


LVS VERIFICATION 


/ 


DESIGN RELEASE 


TEST PROGRAM 
GENERATION 


TEST TOOLING 


TAPE GENERATION 


| MASK TOOLING | 


PROTOTYPE MANUFACTURING 
TESTING AND DELIVERY 
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CUSTOMER DESIGN INTERFACE 


SGS-THOMSON has developed several interfaces 
for customers giving them easy and flexible design 
approaches for TSGSM 3.5u/2 poly/1 metal 
HCMOS mixed Analog Digital Standard Cells se- 
ries. 


User can access ADS Analog Design System. 

. via the SGS-THOMSON Design Centers, 

. via connection to SGS-THOMSON CAD Center, 

. viathe SGS-THOMSON associated Design Cen- 
ters. 


TSGSM SERIES 


In that case direct interfaces will be offered to user 
in order to make design implementation and test ge- 
neration with ADS. 


According to all of these design possibilities, SGS- 
THOMSON defined 3 main customer design inter- 
faces. 


Figure 8 outlines these interfaces. Each interface 
delineates the responsibilities of customer and 
SGS-THOMSON during circuit development flow 


shown in fig. 7. 
CAE workstations capabilities are : 

_ Daisy Systems 7 

. Mentor Graphics wm 


Figure 8 : Design Interface. 


[interne 2 [interface 3 | interface 4 
approval SSCS~*~S~SYSTC tomer | Customers 
S 
S 
S 


Post-layout Simulation 
Design Release 
S 
With interface 3, design can be done either at SGS-THOMSON Microelectronics Design Center facilities or at customer location. 


ABSOLUTE MAXIMUM RATINGS (note 1) Tamp. = 25°C, voltage referenced to Vss. 


Note: 1. Stresses above those listed order "maximum rating" may cause permanent damage to the device. This 's a stress rating only and 
functional operation to the device at these or any other conditions above those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMENDED DC OPERATING CONDITIONS Voltage referred to Vss 


Symbol Parameter 


Operating Supply Voltage 
Vop 


| Veo _| Extended Supply Voltage (note 2) 


Tamb. }| Operating Ambient Temperature 
Military 
Industrial 
Commercial 


Note: 2. For extended supply voltage please consult SGS-THOMSON Microelectronics. 


DC GENERAL ELECTRICAL CHARACTERISTICS Vpp = 5V 410% or Vpp = 10V+10% 
(unless otherwise specified) 
Vop = 5V + 10% 


Vin 
Vit 
All Temp. Ranges 


Vin High Level CMOS Input Voltage 
Vit Low Level CMOS Input Voltage 


lozH | Tristate Output Leakage Current] Vo = Vpp 
T° = 0°C/+ 70°C 
T° =— 40°C/+ 85°C 
T°? =— 55°C/+ 125°C 
loz Vo =Vss 
T° = 0°C/+ 70°C 
T° =— 40°C/+ 85°C 
T° = 55°C/+ 125°C 


H High Level Input Leakage Vi=Vopp 
L 


High Level TTL Input Voltage Vop =5V + 10% 
T°? = 0°C/= 70°C 
T° =— 40°C/+ 85°C 


T°? = — 55°C/+125°C 


Low Level TTL Input Voltage 


| Current T° = 0°C/+ 70°C 


| 
T° =— 40°C/+ 85°C 
[ 


| 
T° =— 55°C/+ 125°C 
ri 


Low Level Input Leakage 
Current T° = 0°C/+ 70°C 
T° =— 40°C/+ 85°C 


T°? =— 55°C/+ 125°C 


Max Admissible Current per Pin : 
— Analog 
— Digital 


US ae Se Kj, SGS-THOMSON 
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DIGITAL LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT Vpp = 10V + 10%, 
Tamb = 29°C, Typical Process Standard Condition = 2 Loads + 1mm of Metal Interconnect 


Vpp = 10V + 10% 
Cell Code Description 


tn ioe 
Cer [a7 (| re 
Twace | einput NAND—OSCSCSC~“~s~‘“~st*~‘d a gw ds 
Pon [einpw nome Ps 


Positive Edge D Flip-Flop from CKL to Q: 


Tsu 
TH 


TTL Inverting Output Buffer 
Capacitance Load = 50pF 


Tri-state TTL Output Buffer 
Capacitance Load = 50pF 


[e081 | CMOS invering Input Buffer ————SCSC~“~*~*~‘“‘~*~*~*~*~s A Pw | ds 


Note : Refer to TSGSM User's Manual for more detailed informations 
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ANALOG LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT Vpp = 10V + 10%, 
unless otherwise specified T = 25°C, typical process. 


Cell Code Parameter/conditions 


COMP Propagation Delay (overdrive = 10m\V) 
Offset 


Capacitor Fields Unit Capacitance 
Capacitor Value Range 
Absolute Accuracy 
Matching (capacitor ratio) 


g 
< 
- 


I+ 
— 
on 


Resistors 
. Polysilicon 


RPX/PPX Resistor Value Range 
Absolute Accuracy 
Matching 

Temperature Coefficient 
Resistor Value Range 
Absolute Accuracy 
Matching 

Temperature Coefficient 
Resistor Value Range 
Absolute Accuracy 
Matching 

Temperature Coefficient 
Voltage Coefficient 


RDX/PDX . P* Diffusion 


RWX/PWX 


Switches 
. Analog Switch 
. MOS Switch 


Programmable 
Reference Current 
Generator 


Ron Value Range 
Ron Value Range 


Current 

Current Step 
Supply Voltage Rejection 
(4V < Vpp < 10V) 


Phase Margin 
Unit Gain Bandwidth 

(CL = 100pF, Ry = 10kQ) 
Offset 


Unit Gain Bandwidth (C, = 3.5pF) 


deg 
MHz 
mV 
POR1 Static Power on Reset | Active Voltage (Vpp = 10V) 45 V 
(Vop = 5V) 3.5 V 
VREF Voltage Bandgap Output Voltage 1.15 1.18 1.20 V 
Reference 
Zener Voliage (bias current =50uA) | 53 | 56 
| oscit_| i. eee? 


General Purpose 
Operational Amplifier 


oo 
a) 


I+ 
oO 
I+ 
—k 
co) 


OSC11_| Crystal Oscillator 
OSC31 RC Timer Frequency 
Stability Versus Temperature 
Stability Versus Supply Voltage 
ADC8Bx | 8 Bits Analog to Digital | Conversion Time 
Converter Integral non Linearity 
12 Bits Analog to Digital) Conversion Time 
Converter Differential non Linearity 
Biquadratic Filter Cell Signal Frequency 
Order 2 


op) 
QO 
Tl 
x 


Note : Refer to TSGSM User's Manual for more detailed informations. 
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PACKAGING 


SGS-THOMSON has a wide variety of package op- a» Small outlines (SO) 


tions available to the user : Where different packaging requirements are nee- 


a Dual in line packages (DIP) ded, contact SGS-THOMSON Marketing. SGS- 
. Plastic THOMSON Microelectronics can also supply 
. Cerdip standard cells products in dice form (chip tray or wa- 
. Side Braze fer form). 


a Chip carriers 
. Plastic Leaded Chip Carriers (PLCC) 
. Ceramic Leadless Chip Carriers (CLCC) 
. Ceramic Leaded Chip Carriers (LDCC) 


ORDER CODES 


i GSM 235 A V 


SGS-THOMSON 7k ce OAR LEVEL 
: Standard 
: Burn-n 
3.5/2 POLY/1 METAL paces alice 
MIXED ANALOG-DIGITAL ; 
STANDARD CELLS 
PACKAGE : 
CUSTOMER : Plastic DIP 
SPECIFICATION : Cerdip 
NUMBER -CLCC 
:PLCC 
:CPGA 
RELEASE : Ceramic 


QOOoc 


"OZ TMC TU 
= 


9 


LETTER :SO 


TEMPERATURE RANGE : 


C  :0°C/+70°C 
| :— 25°C/+85 °C 
M  :—55°C/+ 125°C 
T  :—40 °C/+ 105 °C 
Vo: —40°C/+ 85 °C 
fy SGS-THoMson = 
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GENERAL-PURPOSE SINGLE OP-AMPs 


a LARGE INPUT VOLTAGE RANGE 

a NOLATCH-UP 

a HIGH GAIN 

a SHORT-CIRCUIT PROTECTION 

» NO FREQUENCY COMPENSATION 


REQUIRED 
e SAME PIN CONFIGURATION AS THE UA709 DIP14 
(Plastic Package) 
D 
SO8 
(Plastic Micropackage) 
(Plastic package) 
J 
CERDIP8 
(Cerdip Package) 
DESCRIPTION 


The UA741 is a high performance monolithic ope- 
rational constructed on a single silicon chip. It is in- 
tended for a wide range of analog applications. 


- Summing amplifier ORDER CODES 

- Voltage follower 

. Integrator Part Temperature 

- Active filter Number Range A 

- Function generator. 
The high gain and wide range of operating voltages ie ie ac pee 

. : ; _ + 105 °C 

provides superior performance integrator, summing UA741M/AI-55 °C to +125 °C 
amplifier, and general feedback applications. the in- 
ternal compensation network (6 dB/octave) insures Note : Hi-Rel Versions Available 
stability in closed loop applications. Examples : UA7410N, UA7411H 


PIN CONNECTIONS (top views) 


- Inverting 
input 
- Non-inverting 
-NC 
- Offset null 


- NC 
- Output - Offset null 


- Inverting input - - Output 
-NC 


- Offset null 5 - Offset null 
- Inverting input 6 - Output - Non-inverting input 
- Non-inverting input 7- Vcc - NC 
- Vee 8- NC -NC 
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ABSOLUTE MAXIMUM RATINGS 


Value 
I 


a 
ae 


eee Output Short-circuit Duration Infinite 
Operating Free-air Temperature Range — 55 to + 125}- 40 to+ 105} Oto + 70 


Storage Temperature Range —65 to 150 | —65to 150 | —65to 150 


SCHEMATIC DIAGRAM 


Non-inverting input [_| 


Offset null 


Case 
Input 


|Tose/pipscerpipsisos | 1,5 | 2 | 3 | 4 | 7 [| 6 | @ | 
BIEN oo 
pice2 ef tea te 


* T0116, LCC20 : Other pins are not connected. 
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Non- 
inverting 


inverting 
Input 


ot 
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ELECTRICAL CHARACTERISTICS 


UA741M/A:-— 55 C <Tamp $+ 125 °C, Veg = £15 V 
UA7411 >—-40 C <Tamp <+ 105 °C, Voc =+15V 
UA741C/E: OC STamp $+ 70°C, Veco =+t15V 
(unless otherwise specified) 


Typ. 


Input Offset Voltage Rs < 10 kQ 
Tamb = 25 °C 
Tmin < Tamb S$ T max 
UA741E, A Tamb = 25 °C 


Tmin s Tamb = T max 


Input Offset Current 
Tamb = 25 °C 
Tmin = Tamb S Tmax 


Input Bias Current 
Tami = 25 °C 
Tmin = Tamb = T max 


Large Signal Voltage Gain 
(Vo =£10V, RL = 2 kQ) 
Tamb = 25 °C 
Timin s Tamb - T max 


Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 

Tame = 25 °C 

Tmin = Tamb Ss Tmax 
Supply Current, no Load 

Tams = 25 °C 

Tmin < Tamb S T max 
Input Voltage Range 

Temb = 25 °C 

Tmin < Tamb < T max 
Common Mode Rejection Ratio 
(Rs < 10 kQ) 


_ 
oO 


100 
200 


200 


—_ 
N 
wo £NM 
ae ee] | fee ee as F 


Taga = 25 °C 
Tmin s Tamb S T max 


los Output Short-circuit Current 
amb = 25 °C 


+ Vopp | Output Voltage Swing 


aa |e 33 -|[BS 
Oo ND AD 


—_ 
oO 
a 
oi 
2 
=) 
3 
> 


Tamb = 25 °C Ry = 10 kQ 


Tmin s Tamb < T max 


Slew-rate (Vij =+ 10V, RL =2kQ C, < 100 pF, 
Tamb = 25 °C, unity gain) 
Rise Time 

(Vi =+ 20 mV, Ry =2 kQ, CL < 100 pF 
Tamb = 25 °C, unity gain) 
Overshoot (V; =+ 20 mV, Ry =2 kQ, GC, < 100 pF, 
Tamb = 25 °C, unity gain) 
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ELECTRICAL CHARACTERISTICS (continued) 


| Min. | Typ. | Max. 
Gain Bandwidth Product MHz 
(Vj; =10 mV, Ry =2 kQ, C, < 100 pF f = 100 kHz, 0.7 1 1.6 
Tamb = 25 °C) 
THD Total Harmonic Distortion % 
(f = 1 kHz, Ay = 20 dB, Ri 2 kQ, Vo =2 Vopp 
Ci < 100 pF, Tamp = 25 °C) 
Equivalent Input Noise Voltage nV/VHz 
(f = 1 kHz, a 


| | Phase Margin [ere 


OPEN LOOP VOLTAGE GAIN (Typ.) OPEN LOOP FREQUENCY RESPONSE (Typ.) 


= mo 
a wc 
a] — 
= 2 
= q 
<q Oo 
Oo w 
uw QO 
oO 
q ra 
= =! 
rs} (e) 
O > 
80 20 
0 2 4 6 8 10 12 14 16 18 20 1. 10 100 ik 10k 100k 1M 10M 
SUPPLY VOLTAGES (Véc AND Vgc) (+V) FREQUENCY (Hz) 
E88UA741-02 E88UA741-03 
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{| MICROELECTRONICS 


1062 


UA741 


ABSOLUTE MAXIMUM POWER DISSIPATION 


TRANSIENT RESPONSE (Typ.) 


v 


(AW) JODVLIOA LNdLNO 


Oo 


AMBIENT TEMPERATURE (°C) 


TIME (ys) 


E88UA741-05 


INPUT COMMON MODE VOLTAGE 


E88UA741-04 


RANGE 


(A+) JONVY SDVLIOA 3IGOW NOWWOS 


.O] 

z 

” 

uJ 

: 7 

a 

oO 

> 

Let LAH 

a Fo A 

S | elIIILINT, 

ie) | 
i>) 3 ee} Tr O&O © ono +r O 
vz N N WN = 


(A) SNIMS LAdLNO WVad OL AVAd 


SUPPLY VOLTAGE (+V) 


SUPPLY VOLTAGE (+ V) 


E88UA741-07 


OUTPUT CURRENT vs AMBIENT 


E88UA741-06 


POWER CONSUMPTION 


TEMPERATURE 


OS + Source 


717 co 


~Saoanwa LES 


(yw) OSI 


(MW) NOILdIWNSNOD Y3aMOd 


AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE (+V) 


E88UA741-09 


E88UA741-08 
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OUTPUT VOLTAGE SWING OUTPUT VOLTAGE SWING 


= 2 e UE TUT TT vce = 
g 2 = CICCHIE 
: 2 2 
: 5 =I 
ie be 
= + 
Y ae UT ORTRRin 
ri 12 : 
° o gL HI TIM | INT I 
x x UT TIN 
a LU TET OU SA 
100 1k 10k 100k 1M 
LOAD RESISTANCE (kQ) FREQUENCY (Hz) 
E88UA741-10 E88UA741-11 
EQUIVALENT INPUT NOISE vs FREQUENCY _ INPUT NOISE CURRENT 
Rg = 100 0 EF y20 
T_T rn ees 
35 - 
mn a 5 107 
ENE : Se 
S 05 38 ps AHI 
= oo I m a ee 
ee 2 oe CHT 
O45 10 
SLIME ELIE LIT 2 BSS Pe 
a A 3 wo 
5 & HHH 
a 2 SESS St 
0 q , 26L[it tri ft Tit tT 
100 1000 10000 100000 = 10 100 1k 10k 100k 
a a FREQUENCY (Hz) 
E88UA741-12 E88UA741-13 
aL aac ald LARGE SIGNAL VOLTAGE GAIN vs AMBIENT 
TEMPERATURE TEMPERATURE 


110.00 


ei as) Gs a ea) De SN a inal 

406.00 SE ES a SC a 

a Rl P| ag a Fa) A 

~ ea eae ae el a a 
x 100.00 CKt—L te NS 
> © 94.00 eae aT Cae a a Ge (eS 

ul sae et (NS ea ce HG 
5 ed poe) (a Ca Gen ea) ee 
= rg ae es) (Aa NE (Sa a 
eh Seedy lcci coe aa (a Go Fea ae ee a Fe 

oss a ae Ee ES (ee ee 

Pees Ata as see0 FFF 
snoop _i_[ | | [| [T J J 
55-35-15 5 25 45 65 85 105125 -55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
E88UA741-14 E88UA741-15 
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UA741 


GAIN BANDWIDTH PRODUCT vs AMBIENT POWER SUPPLY & COMMON MODE REJECTION 
TEMPERATURE RATIO vs AMBIENT TEMPERATURE 


cee 


GBP (MHz) 
(dB) 


-55 -35-15 5 25 45 65 85 105 125 55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
E88UA741-16 E88UA741-17 


INPUT BIAS CURRENT vs AMBIENT 
TEMPERATURE 


NB (nA) 
a) 
lad 
fe 
elles 
fe 
hal 
isa 
a 
Es 
ea 


0 
-55 -35-15 5 25 45 65 85105 125 
AMBIENT TEMPERATURE (°C) 
E88UA741-18 


MEASUREMENT DIAGRAMS 


VOLTAGE OFFSET NULL CIRCUIT TRANSIENT RESPONSE TEST CIRCUIT 
TO99 — DIP8 — CERDIP8 


Inputs 


E88UA741-19 
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S/ | MICROELECTRONICS 


UA741 


MEASUREMENT DIAGRAMS (continued) 


CURRENT TO VOLTAGE CONVERTER NEUTRALIZING INPUT CAPACITANCE TO OP- 
TIMIZE RESPONSE TIME 


Ro = Ry Cn<-2t Cs 
for minimum error due to bias current 


E88UA741-21 E88UA741-22 


POSITIVE VOLTAGE REFERENCE NEGATIVE VOLTAGE REFERENCE 


E88UA741-23 E88UA741-24 


ey scs-THomson 
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PACKAGE MECHANICAL DATA 
8 PINS — TO99 — METAL CAN 


14 PINS — PLASTIC DIP 


(1) Nomina! dimension 


(2) True geometrical position 


Kay SGS-THOMSON ee ee 
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PACKAGE MECHANICAL DATA (continued) 
8 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) True geometrical position 


| = 
Output n91 = 
— oh cot 4 Me? 


nme Scs-THOMSON 
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PACKAGE MECHANICAL DATA (continued) 
8 PINS — PLASTIC MICROPACKAGE (SO) 


(7 SGS-THOMSON ee ere ee 
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GENERAL PURPOSE SINGLE OP-AMPs 


» FREQUENCY COMPENSATION WITH A SIN- 
GLE 30 pF CAPACITOR 

» OPERATION FROM +5V TO +15 V 

a LOW POWER CONSUMPTION : 50 mW AT 
+15 V 

a CONTINUOUS SHORT-CIRCUIT PROTEC- 
TION 

a» OPERATION AS A COMPARATOR WITH DIF- 
FERENTIAL INPUTS AS HIGH AS + 30 V 

» NO LATCH-UP WHEN COMMON-MODE 
RANGE IS EXCEEDED 

ma SAME PIN CONFIGURATION AS THE LM101A 


DESCRIPTION 


The UA748 is a general-purpose operational ampli- 

fier built on a single silicon chip. The resulting close 

match and tight thermal coupling gives low offsets 

and temperature drift as well as fast recovery from 

thermal transients. 

- Short-circuit protection. 

. Offset voltage null capability. 

. Large common-mode and differential voltage 
ranges. 

. Low power consumption. 

- No latch-up 


The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to op- 
timize compensation for best high frequency perfor- 
mance at any gain. As a comparator the output can 
be clamped at any desired level to make it compa- 


PIN CONNECTIONS (top views) 
DIP8 


CERDIP8/SO8 


1- Offset null frequency compensation 
2- Inverting input 

3- Non-inverting input 

4-Vcc 


5- Offset null 
6- Output 
7- Vec* 
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E88UA748-01 


8- Frequency compensation 


tible with logic circuits. Further, the low power dissi- 
pation permits high voltage operation and simplifies 
packaging in full-temperature range systems. 


N 
DIP8 
(Plastic Package) 
J 


H 
TO99 


(Metal Can) CERDIP8 


(Cerdip Package) 


SO8 LCC20 
(Plastic Micropackage) (Tricecop (LCC)) 


ORDER CODES 


Part Temperature 
Number Range /H | N |Gc| D | 


UA748C 0°C to+ 70°C 
40 °C to + 105 °C 
— 55 °C to + 125 °C 


UA748I 

UA748M 

Note : Hi-rel Versions Available 
Examples : UA748CH, UA748MGC 


- Inverting input 
- NC 


- Non-inverting input 
-NC 


9 10 11 12 13 


- Offset null frequency 
compensation 
-NC 


-NC 


1/10 
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ABSOLUTE MAXIMUM RATINGS 


[Symbol] Parameter ——~—~=S~S~*~diC ATA | Aas | UATABC | Unit _ 


Prot Power Dissipation 500 500 500 mW 
GC Suffix 665 300 
Output Short-circuit Duration Infinite for Tamb = 70 °C Infinite 
= for T =55 °C 


Operating Free Air Temperature Range — 55 to+ 1251-40 to+ 105} Oto+70 
Storage Temperature Range — 65 to + 150]/-— 65 to + 150}/- 65 to + 150, °C | 


SCHEMATIC DIAGRAM 


inverting 
i Frequency compensation 


Non-inverting 
input 


E88UA748-02 


CERDIP8 
SO8 


*LCC20 : Other pins are not connected. 
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ELECTRICAL CHARACTERISTICS 


UA7T48C :: O0CK<Tam<+ 70 +5V<Voog <+20V C1 =30 pF 
UA7481 :—40 C <Tamp < +105 C +5V<Voo <+20V C1 =30pF 
UA748M :—55 C <Tan, < +125 C. +5 V<Voo <+20V C1 =30pF 


*=>Voo =t15V ~ 


(unless otherwise specified) 
UA748M, | UA748C 


Symbol Parameter 
frm] ewe [a [om 
Vio Input Offset Voltage Rs < 10 kQ mV 
0.2 1 2 5 
3 6 


Tamb = 25 °C 

T min = Tamb S T max 
Input Bias Current 
Tamb = 25 °C 

T min pas Tamb = T max 


Input Offset Current 
Tamb = 25 °C 
T min & Tamb S Tmax 
Large Signal Voltage Gain * 
(Vo =+£ 10 V, Ry =2 kQ) 
Tamb = 25 °C 


T min < Tamb < T max 


Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin < Tamb = Tmax 
Supply Current, no Load 

Tamb = 25 °C 


Tmin = Tamb < T max 


Input Voltage Range (Vcc =+ 20 V) 
i = 25 °C 
Tmin < Tamb < T max 


Common-mode Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 

Tmin = Tamb S = Tmax 


Output Voltage Swing * 
Tame = 25 °C 


Tmin < Tamb < T max 


Slew-rate (Vj =+ 10 V, Re =2 kQ, 
Cr < 100 pF, Tamb = 25 °C, unity gain) * 
Rise Time * 

(Vj =+ 20 mV, Rx =2 kQ, C, < 100 pF, 
Tamb = + 25 °C, unity gain) 
Overshoot (V; = 20 mV, R, =2 kQ, 
Ci < 100 pF, Tamb = + 25 °C, unity gain) 


ky S&S:THoMsoN we ee te ee 
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ELECTRICAL CHARACTERISTICS (continued) 


Gain Bandwidth Product * 
(V; =10 mV, Rp =2 kQ, Ci < 100 pF, 
Total Harmonic Distortion * 


(f = 1 KHz, Av =20 GB, Ry, =2 kQ, Vo =2 Vpp, 
ae pF, Tamb = 25 °C) 


THD 


Input Offset Voltage Drift 
T min = Tamb < Tmax 
Input Offset Current Drift 
25°C < Tamb < Wniak 
Tein < Tams < 25°C 


CURRENT LIMITING 


S — 
rf = 

~- 
2 2 
= ox 
w S 
2 O 

os 
- 
5 m4 
oO r4 

OUTPUT CURRENT (+ mA) 
E88UA748-03 
OPEN LOOP FREQUENCY RESPONSE 
— > 
3 # 
2 oO 
< 2 
O = 
cH ” 
< 5 
- a 
ad = 
ro) = 
> Oo 
1 10 100 1k 10k 100k 1M 10M 
FREQUENCY {(Hz2) 
E88UA748-05 
4/10 {57 SGS-THOMSON 
MICROELECTRONICS 


i] OO 


a 0.015 ane 0.015 he 


Equivalent Input Noise Voltage nV/VHz 
(f = 1 KHz, Rg = 100 Q) * 25 25 
uV/°C 
150 30 


INPUT CURRENT 


or 
_ | ts 


Bias current 
>< ae 
i PARE 

PRE 


-~75 -—50-25 O 25 50 75 5 100 1: 125 


tee 


TEMPEPATURE (°C) 
E88UA748-04 


LARGE SIGNAL FREQUENCY RESPONSE 


Tamb = + 25°C 


FREQUENCY (Hz) 


E88UA748-06 


COMPENSATION CAPACITANCE (pF) 


INPUT VOLTAGE RANGE (+V) 


VOLTAGE GAIN (dB) 


FREQUENCY COMPENSATION 


No overshoot 


C,_< 100 pF) 


20% overshoot 
C, <20 pF) 


CLOSED LOOP VOLTAGE GAIN (dB) 


E88UA748-07 


INPUT VOLTAGE RANGE 


SUPPLY VOLTAGE (+V) 


E88UA748-09 


VOLTAGE GAIN 


SUPPLY VOLTAGE (+ V) 


E88UA748-1 


‘STi 


UA748 


VOLTAGE FOLLOWER PULSE RESPONSE 


VOLTAGE SWING (+V) 


Oo 10 20 304050 6070 80 


TIME (us) 
E88UA748-08 


OUTPUT SWING 


S 
4H 
| os) 
Zz 
> 
” 
- 
=) 
GQ. 
am 
2 
oO 
SUPPLY VOLTAGE (+V) 
E88UA748-10 
SUPPLY CURRENT 
a 
£ 
~~ 
z 
Lu 
m 
[oa 
— 
© 
> 
a | 
a 
a. 
— 
® 
SUPPLY VOLTAGE (+ V) 
1 E88UA748-12 
SGS-THOMSON 5/10 
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VOLTAGE GAIN INPUT BIAS CURRENT 

< 
= 

5 5 

: z 

2 s 

bf S) 

o w 

a < 
m 

< 

: 5 

Oo a 

" = 

‘SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) 


E88UA748-13 E88UA748-14 


TYPICAL APPLICATIONS 
PRACTICAL DIFFERENTIATOR 


E88UA748-15 
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TYPICAL APPLICATIONS (continued) 
SINGLE SUPPLY OPERATION 


O 
E88UA748-16 


PULSE WIDTH MODULATOR 


R2 
100 kg? 


1 


~~ 2n R2C1 
1 


{ ae 
n" 2n R1C1 


fo <fp (unity gain) 


E88UA748-17 
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TYPICAL APPLICATIONS (continued) 
FEED-FORWARD COMPENSATION 


3k 150 pF 
i F 
ae i 


E88UA748-19 


LARGE SIGNAL FEED-FORWARD 
TRANSIENT RESPONSE 


: aes 
H eae 
9 Eel 
nae 
IK eee 
: fll es 
Leal! 
aes 
RESPONSE TIME (ys) noualas 
8/10 
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PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 


ky7_ SGS-THOMSON 9/10 
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PACKAGE MECHANICAL DATA (continued) 
8 PINS - METAL CAN TO99 


12,7 min. 


ia 


20 PINS - TRICECOP (LCC) 


20 Outputs 
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PROGRAMMABLE SINGLE OP-AMPs 


be 


H 
TO99 
(Metal Can) 


s MICROPOWER OPERATION 

» NO FREQUENCY COMPENSATION 
REQUIRED 

a WIDE PROGRAMMING RANGE 

a HIGH SLEW RATE 

« SHORT-CIRCUIT PROTECTION 

» PROGRAMMABLE SINGLE OP-AMPs 


DESCRIPTION 


The UA776 programmable operational amplifier is 
characterized by high input impedance, low supply 
currents and low input noise over a wide range of 
operating supply voltages. 


Coupled with programmable electrical characteris- 
tics it is an extremely versatile amplifier for use in 
high accuracy, low power consumption analog ap- 
plications. 


Input noise voltage and current, power consump- 
tion, and input current can be optimized by a single 
resistor or current source that sets the chip quies- 
cent current for nano-watt power consumption or for 
characteristics similar to the UA741. 


Internal frequency compensation, absence of latch 
up, high slew rate and short-circuit protection assure 
ease of use in long time integrators, active filters, 
and sample and hold circuits. 


PIN CONNECTIONS (top views) 


- Offset null - Offset null 
- Inverting input - Output 

- Non-inverting input - Vec 

7 Vec 7 Iset 


—_ 
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- NC 

- Inverting input 

-NC - NC 

- Non-inverting input - Vic 
NC 


1 
2 
3- 
4 
5 
6 
7 
8- 
9 
0 


(Plastic Package) 


Net 


D 
SO8 


(Tricecop (LCC)) (Plastic Micropackage) 


ORDER CODES 


‘ee Temperature 
sao LC 


lie 0 to+ 70°C 
UA776I | — 40 to + 105°C 
UA776M | — 55 to + 125 °C 


Note . Hi-Rel Versions Available. 
Examples : UA776CH, UA776CN, UA776CD 


- NC - NC 
- Offset null 


- Offset null 
- NC 

- NC 

- Output 


ne 910 1112 13 


- NC 


-NC - NC 
- Vec - Iset 


E88UA776-01 
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ABSOLUTE MAXIMUM RATINGS 


Power Dissipation 500 310 310 mw 
UA776GC 665 
UA776CH 500 500 


le Output Short-circuit Duration Indefinite ee 
Operating Free Air Temperature Range — 55 to + 125)— 40 to+ 105) Oto +70 
Storage Temperature Range — 65 to 150 ; — 65 to 150 | — 65 to 150 


Notes: 1. For supply voltages less than + 15 V, the absolute maximum input voltage is equal to the supply voltage. 
2 Short-circuit may be to ground or either supply Rating applies to + 125 °C package temperature serial M or 
+ 75 °C serial C ambient temperature for Ise: < 30 PA. 


Symbol Parameter UA776M UA776l UA776C 


SCHEMATIC DIAGRAM 


Non-inverting 
input 
Inverting 
input 


a2) 
5 a6 
el 
10 ks 
= 
E88UA776-02 


Offset null 
: Non- 
Case ae inverting Véc Véc 
Pp Input 
TO99/SO8 


*LCC20 : Other pins are not connected. 


| vec 
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ELECTRICAL CHARACTERISTICS 
Voc * = +15 V (unless otherwise specified) 


UA776C: O<Tamp <+70C 
UA776I :—40 <Tamp <+ 105 C 


UA776M: — 55 < Tamp $+ 125 CT 


nse | Parameter aa a 
Typ. | Max. | Min. | Typ. | Max. | 
Vio Input Offset Voltage mV 
Tamb = 25 °C 2 5 
Tmin Ss Tamb S T max 6 


Input Offset Current nA 


oO o1 


Tamb = 25 °C 0.7 3 2 15 

Tmin S Tamb S Tmax 10 40 
Input Bias Current nA 

Tamb = 25 °C UA776M 2 7.5 15 50 

UA776l, C 2 10 15 50 

Tmin S$ Tamb S Tmax 20 100 


Large Signal Voltage Gain (Vo = 
esas = 25 °6 


T min S Tamb Ss T max 


Supply Voltage Rejection Ratio (Rs < 10 kQ) 
Tamb = 25 °C 

T min < T amb = T max 

loc Supply Current, no Load 

Tamb = 25 °C 

Tmin S$ Tamb = T max 


V| Input Voltage Range V 
Tamb = 25 °C - 10 +10 | -—10 +10 


Common Mode Rejection Ratio (Rs < 10 kQ) 
Tamb _ 25 °C 
T min = Tamb = T max 


Output Voltage Swing 
Tamb = 25 °C RL= 5kQ 
R. = 75 kQ 


Tmin < Tamb S$ Tmax Ri. = 75 kQ 


Slew-rate (Vi = 
CL < 100PF, Tamb = 25 °C, unity gain) 
RL = 5kQ 


R_. =75 kQ 


3/13 
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ELECTRICAL CHARACTERISTICS (continued) 


Rise Time 
(V| =+ 20 mv, CL < 100pF, Tamb = 25 °C, 
unity gain) 


Overshoot Factor (V; =+ 20 mV, 
Ci < 100 pF, Tamb = 25 °C, unity gain) 


| oR Input Resistance ,Tamb = 25 °C 


5 
Ci _| bitferentiat input Capacitance ——=—=«|~SC«d| 2 | |i) dT 
| Ro | Output Resistance, Tamp = 25 °C 5 1 | kQ | 


Gain Bandwidth Product 
(Tamb = 25 °C, C_ = 100 pF) 
f = 100 kHz R, = 
f = 10 kHz Ri = 75 kQ 


Total Harmonic distorsion 

om < 100 pF, Te = 25° ceF 
RL = 5 kQ 
Ri = 75 kQ 


ELECTRICAL CHARACTERISTICS 
Vec * = +3 V (unless otherwise specified) 


Iset = 1.5 uA Iset = 15 uA 
Typ. | Max. | Min. | Typ. | Max. | 
Vio Input Offset Voltage mV 
Tamb = 25 °C 2 5 
T min s Tamb < T max 6 


Input Offset Current nA 
Tams = 25 °C 
T min S T amb < T max 
Input Bias Current 


Tic 5 <0 UA776M 
UA776l, C 


Oo OF 


Tmin S$ Tamb S Tmax 


Large Signal Voltage Gain (Vo = 
arb = 25 °C 


Tmin S Tamb < T max 
R. =75 kQ 


Supply Voltage Rejection Ratio (Rs < 10 kQ) 

Tamb = 25 °C 

Tmin S Tamb Ss Tmax 

Supply Current, no Load 
Tamb = 25 °C 

Tin < Tamb S Tmax 


SVR 


4/13 
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ELECTRICAL CHARACTERISTICS (continued) 


| =1.5 uA | =15uA 


ee eee Range 
eee = 


| Mode Rejection Ratio (Rs < 10 a) 
Tamb = 25 °C 
Tmin S$ = ne oS a 


Output Voltage Swing 
Tamb a2 °C 


Tmin < Tamb < T max 


Slew Rate (V| = 
Ci < 100pF, Tamb = 25 °C, unity gain) 
Ri =5 kQ 
Ry =75 kQ 


Rise Time 
(Vi =+ 20 mV, Cy. < 100pF, Tamp = 25 °C, 
unity gain) 

Ri. = 5kQ 


Ri =75 kQ 


Overshoot (V; =+ 20 mV, RL =2 kQ 
Cr < 100 pF, Tamp = 25 °C, unity gain) 
RL=> 5kQ 
Ru = 75 kQ 


ae Resistance Vamb_ = 25 °C 


Output Resistance, Tamb = 25 °C 


Gain Bandwidth Product 

(Tamb = 25 °C, C_ = 100 pF) 

f = 100 kHz Ri. = 5kQ 
f = 10 kHz R, = 75 kQ 


Total Harmonic distortion 

(f= 1 kHz, Ay =20dB, Ry, =2 kQ 

Ci < 100 pF, Tamb = 25 °C, Vopp = 1 Vop 
Ri = 5kQ 
R, =75 kQ 
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INPUT BIAS CURRENT INPUT BIAS CURRENT 


INPUT BIAS CURRENT (nA) 
INPUT BIAS CURRENT (nA) 


fe... 
—60 -20 20 60 100 
SET CURRENT (nA) AMBIENT TEMPERATURE (°C) 
E88UA776-03 E88UA776- 04 
OUTPUT VOLTAGE SWING STANDBY SUPPLY CURRENT VERSUS 
SET 


5 | lamb = +25°C We ail neta 
+3 V<Vcc< +18 V Berea 
2 
ta? pp tA |. 
CHELATE 


Le 
THEIL 

Yamhill 
Sa) (mmnlinl 
7s eT 


ttt, nas = +3V 


CHIT ess 


24 


18 


12 


OUTPUT VOLTAGE SWING (Vpp) 
STANDBY SUPPLY CURRENT (yA) 


0 
468 2 4 Lu 2 4 2 5 2 5 2 5 2 
103 * 104 10° Re 10°? 10°! 10° 10! 
LOAD RESISTANCE (Q) SET CURRENT (pA) 
E88UA776-05 E88UA776-06 
CNS (7 SGS-THOMSON 
s/f MICROELECTRONICS 
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OPEN LOOP VOLTAGE GAIN 


GAIN-BANDWIDTH PRODUCT (Hz) 


OPEN LOOP VOLTAGE GAIN 


Ce 
COT 
pee 


400k 


300k 
a 
200k aT eae 


100k 


—60 —20 20 60 100 
AMBIENT TEMPERATURE (°C) 


E88UA776-07 


GAIN-BANDWIDTH 


i 
CENCE 


ae ee ae See 


coe ISIS 


Ee INNes 


SET CURRENT (pA) 


E88UA776-09 


ky 


OPEN LOOP VOLTAGE GAIN 


SLEW RATE (V/z8) 


SGS-THOMSON 
MICROELECTRONICS 


UA776 


OPEN LOOP VOLTAGE GAIN 


Rae: e zee 
R 5 ka 
1.2M rs 


EEE AaNEEE 


wE ETAL TAT 


-60 --20 20 60 100 
AMBIENT TEMPERATURE (°C) 
E88UA776-08 


SLEW RATE 


SET CURRENT (yA) 


E88UA776-10 
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SET RESISTOR vs SET CURRENT 


Iset EQUATIONS 


Véc - 0.7 - Vcc 
Rset 
when Ree is connected to Vcc. 


Iset = 


tae ae 


SET RESISTOR (Q) 
nme e, 


NO 


100 «|_| II 


vin — 0.7 


set 
when Rep; is connected to ground. 


SET CURRENT (::A) 
E88UA776-11 


QUIESCENT CURRENT SETTLING 
RESISTOR (Iset to Vcc) 


See eee, 


£15V 


Note : The UA776 may be operated with Rset connected 
to ground or Vcc. 


BIASING CIRCUITS 
RESISTOR BIASING 


Vcc O 


Rset connected to Vcc 
Recommended for: Vcc s+6V E88UA776-13 


Rset Connected to ground. E88UA776-12 


BAS {7 SGS-THOMSON 
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BIASING CIRCUITS (continued) 
TRANSISTOR CURRENT SOURCE BIASING FET CURRENT SOURCE BIASING 


E88UA776-14 E88UA776-15 


VOLTAGE OFFSET NULL CIRCUIT TRANSIENT RESPONSE TIME TEST CIRCUIT 


E88UA776-16 E88UA776-17 
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TYPICAL APPLICATIONS 
HIGH ACCURACY SAMPLE AND HOLD 


Sampte 50 nA 
—— 


Analog input 
—-§V<V, <+5V 


l Hold 0.75 nA 
> 


E88UA776-18 


NANO-WATT AMPLIFIER 


E88UA776-19 
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UA776 
TYPICAL APPLICATIONS (continued) 


MULTIPLEXING AND SIGNAL CONDITIONING HIGH INPUT IMPEDANCE AMPLIFIER 
WITHOUT FETs 


R2 1Mx2 


R3 
270 kx 
i) 
[=2=) 


E88UA776-21 


-15V 


R3 
270 ks? 


ce) 
Ga 


E88UA776-20 
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PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 


(2) True geometrical position 


8 PINS — PLASTIC MICROPACKAGE (SO) 


re e-—1,27 e e e 


8 Pins 
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PACKAGE MECHANICAL DATA (continued) 
8 PINS — METAL CAN TO99 


20 PINS — TRICECOP (LCC) 


1.86 max. 
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UC1840 
UC2840 
UC3840 


PROGRAMMABLE, OFF-LINE, PWM CONTROLLER 


sp ALLCONTROL, DRIVING, MONITORING, AND 
PROTECTION FUNCTIONS INCLUDED 

» LOW-CURRENT, OFF-LINE START CIRCUIT 

a FEED-FORWARD LINE REGULATION OVER 4 
TO 1 INPUT RANGE 

a» PWM LATCH FOR SINGLE PULSE PER PE- 
RIOD 

a PULSE-BY-PULSE CURRENT LIMITING PLUS 
SHUTDOWN FOR OVER-CURRENT FAULT 

» NO START-UP OR SHUTDOWN TRANSIENTS 

e SLOW TURN-ON AND MAXIMUM DUTY-CY- 
CLE CLAMP 

a SHUTDOWN UPON OVER-OR UNDERVOL- 
TAGE SENSING 

e LATCH OFF ORCONTINUOUS RETRY AFTER 
FAULT 

=» REMOTE, PULSE-COMMANDABLE START/ 
STOP 

ae PWM OUTPUT SWITCH USABLE TO 1A PEAK 
CURRENT 

a 1% REFERENCE ACCURACY 

es 500 kHz OPERATION 


DESCRIPTION 


Although containing most of the features required 
by all types of switching power supply controllers, 
the UC1840 family has been optimized for highly- 
efficient boot-strapped primaryside operation in for- 
ward or flyback power converters. Two important 
features for this mode are a starting circuit which re- 
quires little current from the primary input voltage 
and feed-forward control for constant volt-second 
operation over a wide input voltage range. 


In addition to startup and normal regulating PWM 
functions, these devices ofter built-in protection from 
over-voltage, under-voltage, and over-current fault 
conditions. This monitoring circuitry contains the ad- 
ded features that any fault will initiate a complete 
shutdown with provisions for either latch off or auto- 
matic restart. In the latch-off mode, the controller 
may be started and stopped with external pulsed or 
steady-state commands. 
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DIP-18 
(Plastic and Ceramic) 


Other performance features of these devices in- 
clude a 1% accurate reference, provision for slow- 
turn-on and duty-cycle limiting, and highspeed 
pulse-by-pulse current limiting in addition to current 
fault shutdown. 


The UC1840’s PWM output stage includes a latch 
to insure only a single pulse per period and Is des- 
igned to optimize the turn off of an external switching 
device by conducting during the "OFF" time with a 
capability for both high peak current and low satu- 
ration voltage. These devices are available in an 18- 
pin dual-in-line plastic or ceramic package. 


The UC1840 js characterized for operation over the 
full military temperature range of -55°C to +125 °C. 
The UC2840 and UC3840 are designed for opera- 
tion from —25°C to +85°C and 0°C to +70°C, respec- 
tively. 
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UC1840-UC2840-UC3840 


PIN CONNECTION AND ORDER CODES 


COMPENSATION 164] NON INV INPUT 


START? UV INV INPUT 


OV SENSE SV REF 


Pp 2V, SUPPLY : 


RESET DRIVER BIAS UC1840 — UC1840J 
UC2840 UC2840N UC2840J 
CURRENT 6 GROUND UC3840 UC3840N UC3840J 


THRESHOLO 


CURRENT SCNSE PWM OUTPUT 
SLOW - START V, SENSE 


Ry Cy RAMP 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage + V, (pin 15) 
Voltage Driven 32 
Current Driven 100 mA Maximum Self Limiting 


PWM Output Volage (pin 12) 
PWM Output Current, Steady-state (pin 12) 


V, 

Vo 

Eop PWM Output Peak Energy Discharge 
Driver Bias Current (pin 14) 

qT, 


{REF} Reference Output Current (pin 16) 
Slow Start Sink Current (pin 8) 
V, Sense Current (pin 11) 
Current Limit Inputs (pin 6, 7) — 0.5 to + 55 
Comparator Inputs (pins 2, 3, 4, 5, 17, 18) — 0.3 to + 32 


Power Dissipation at Tamp = 70 °C 1000 
Junction Temperature Range ~ 55 to + 150 


Operating Ambient Temperature Range : UC1840 — 55 to+ 125 
UC2840 — 25 to + 85 


UC3840 0 to + 70 


THERMAL DATA 
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UC1840-UC2840-UC3840 


BLOCK DIAGRAM 


WU INPUT 


68) — 
startiuv @)—- 


CLOCK 


Vv 
—(s) 1! 
SUPPLY 


osc 


INTERNAL 
CIRCUS 


-———--(6) 5 0 V REF 
TNT 
— 10 V REF 


(8) GROUND 


aes = ee ee SLOW 
START! 
OutY CYCLE 
6¥ ciamp 
I 


—_—_—--__{6) QUR LIMIT 


THRESHOLD 


CURRENT 


FUNCTIONAL DESCRIPTION 


Function 


PWM CONTROL 


OSCILLATOR 


RAMP GENERATOR 


Generates a fixed-frequency internal clock from an external Ry and Cy. 


Ke 


Frequency = where Kg Is a first-order correction factor ~ 


TCT 
0.3 log (Cr x 10'°). 

Develops a linear ramp with a slope defined externally by 
sense voltage 
Rea Cr 
its value will have some effect upon valley voltage 


. Cra is normally selected < Cr and 


ERROR AMPLIFIER 


REFERENCE GENERATOR 


PWM COMPARATOR 
PWM LATCH 


PWM OUTPUT SWITCH 


Cr terminal can be used as an input port for current mode control 


Conventional operational amplifier for closed-loop gain and phase compensation 
Low output impedance . unity-gain stable 


Precision 50 V for internal and external usage to 50 mA. 
Tracking 3.0 V reference for internal usage only with nominal accuracy of + 2 % 
40 V clamp zener for chip 0. V. protection, 100 mA maximum current. 


Generates output pulse wich starts at termination of clock pulse and ends when 
the ramp input crosses the lowest of two positive inputs 


Terminates the PWM output pulse when set by inputs for either the PWM 
comparator, the pulse-by-pulse current limit comparator, or the error latch. 
Resets wich each internal clock pulse 


Transistor capable of sinking current to ground wich ts off during the PWM 
on-time and turns on to terminate the power pulse Current capacity is 400 mA 
saturated with peak capacitance discharge in excess of one amp 
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UC1840-UC2840-UC3840 


FUNCTIONAL DESCRIPTION (continued) 
Zz Name | a : Function 


SEQUENCING FUNCTIONS 


START/U. V. SENSE This comparator performs three functions. 
With an increasing voltage, it generates a turn-on signal at a start threshold 
With a decreasing voltage, it generates a U. V. fault signal at a lower level 
separated by a 200 wA hysteresis current. 

At the U. V. threshold, it also resets the Error Latch if the Reset Latch has been 


set. 
DRIVE SWITCH Disables most of the chip to hold internal current consumption low, and Driver 
Bias OFF, until input voltage reaches start threshold. 
DRIVE BIAS” Supplies drive current to external power switch to provide turn-on bias. — 
SLOW START Clamps low to hold PWM OFF Upon release, rises with rate controlled by R,C; 


for slow increase of output pulse width. 
Also used to clamp maximum duty cycle with divider Rs Roc. 


START LATCH Keeps low input voltage at Initial turn-on from being defined as a U. V. fault. Sets 
at start level to monitor for U V. fault. 
RESET LATCH When reset, this latch insures no reset signal to either Start or Error latches so 


that first fault will lock the PWM off. 
When set, this latch resets the Start and Error latches at the U. V. low threshold, 


allowing a restart. 


PROTECTION FUNCTIONS 


ERROR LATCH When set by momentary input, this latch insures immediate PWM shutdown and 
hold off until reset. 
Inputs to Error Latch are : 
a. U. V. low (after turn-on) 
b. O. V. high 
c. Step low 
d. Current Sense 400 mV over threshold 
Error Latch resets at U. V. threshold !f Reset Latch !s set. 


CURRENT LIMITING Differential input comparator terminates individual output pulses each time sense 
voltage rises above threshold. 

When sense voltage rises to 460 mV above threshold, a shutdown signal it sent 
to Error Latch. 
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UC1840-UC2840-UC3840 


ELECTRICAL CHARACTERISTICS (refer to the test circuit. Unless otherwise stated, these 
specifications apply for T, = — 55 to + 125 © for the UC1840, — 25 TC to + 85 © for the UC2840 
and 0 to + 70 © for the UC3840; V, = 20 V, Ry = 20 KQ, Cy = 0.001uF, Cp = 0.001 uF, current limit 
threshold = 200 mV) 


Parameter Test Conditions 


POWER INPUTS 


Start-up Current V,=30 V, Pin2 =2.5 Vv, i | 
T, =25 °C ) 4 1 5.5 


"Start-up Current T.C.| V, =30 V, Pin2 =25 V | ~0.1,-02 ~ 0.1 
a Operating Current V,=30V, Pin2=35V | 5 


| 10 15 5 10 
Supply O.V. Clamp 1 =20mMmA | 33 40 45 33 | 40 


REFERENCE SECTION 


Reference Voltage T, =25 °C 95 5 5.05 
Line Regulation | V,=8to 30 V 


10 | 15 ; 
- Load Regulation IL =0 to 20mA 10 | 20 ea a 


AVrer/AT*!| Temperature Coeff. Over Op. Temp. Range |_ 
Isc Short Circuit Curr. | Vaer =0, T, =25 °C | ~ 80 |- 100 


OSCILLATOR 
fs Nominal Frequency | T, =25 °C 


| Voltage Stability ,=8to30V 


| “Temperature Coeff. | Over Op. Temp. Range | 
fs(max) Maxim. Frequency Rr =2 KQ, Cy =330 pF; 500 


RAMP GENERATOR 


Ramp Current Min. | Isense =— 10 HA 


Ramp Current Max. lsenseE = 1 MA 


Ramp Valley 


Ramp Peak Clamping Level 
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UC1840-UC2840-UC3840 


ELECTRICAL CHARACTERISTICS (continued) 


UC1840 
| Min. | Typ. | Max. | Min. | Typ. | Max. | 


ERROR sinidee 


me ee eee 
ale eee et egy | |e epee pe eet 
| Gy | Open Loop Gain Loop Gain | AVe=tto3V | =1to3V oe |_| 60 | 66 | 


Output Swing (max Minimum Total Range 3.5 6:3 
Out < Ramp Ss - 
100 mV) 
i a Mode Vom = 1.5 to 5.5 V 70 
On eee 
Supply Voltage =8 to 30 V 40 ba 40 50 
Rejection 
bee Short Gircut Current | Veoms=0V.~”d fm, jose. 4 eae 


ee er ee 
*Continuous Duty 
Cycle Range 


(other than zero) CROCSoS 
oa 


[Vorsan™ | Output Saturaion” | ip=a0mA——*dSS*d 
inset sna isang Par Pee Pp Pa a 
ee oe 


We el End Ba 
SEQUENCING FUNCTIONS 
a El ia a 


Le ee ae 


PWM SECTION 


Min. Total Cont. Range 
Ramp Peak < 4.2 V 


Pin 8 to pin 12 
T, =25 °C, Rt =1 KQ 


Voltage 
Vin-Vow 


[T bnver Bias teakage [Va=ev Sd Sido [to | on [a 
[| seri Sarat 1-20 ros |v 
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UC1840-UC2840-UC3840 


ELECTRICAL CHARACTERISTICS (continued) 


UC1840 eset 
Symbol Parameter Test Conditions UC2840 Unit 
[ Min. | Typ. | Max.| min. | Typ. | Max. | 


CURRENT CONTROL 


|| Current uit onset | Tt | | | t0 | mv | 


Current Shutdown 340 400 440 340 400 440 mV 
Tee 


| Ip | Input Bias Current | Bias Current |Pin7=0Vsd 7 =0V ~ near ae 


*Common mode - a - 0.3 
Range 
Rp =1 KQ 


* Guaranteed by design Not 100 % tested tn production 


Figure 1 : Open Loop Test Circuit. 


SUPPLY 
"e | WWOKN Roe 24K O 
15 
Vin 


ai VREF SLOW ST 8 


ci. SENSE 


UC1840 


Ni c/L(-) 


1 Ri + R2 + R23) 


Nominal frequency = —————__. = 50 kHz O.V. fault voltage = 3 ( =32V 
q y Rr Cr g R3 
Current limit = 200mV 

Ri+R2+R3 

Start voltage = 3 sie mL +02R1=12V Current fault voltage = 600mV 
(Rt + R2 + R3) Duty cycle clamp = 50% 
V. fault volage = 3 “UT St! ogy 
ea ivolag R24 R3 
G7 SGS-THOMSON ye ee oe 
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UC1840-UC2840-UC3840 


Figure 2 : Start U.V. Hysteresis Current. Figure 3 : PWM Output Saturation Voltage. 


G-5364/) 


VCE (sat) 
(Vv) 


- 
eZ 
a a 
fier 


A 
-50 -25 0 25 50 75 100 yy (°C) 0 100 200 300 400 Ig (mA) 
Figure 4 : Oscillator Frequency. Figure 5 : PWM Output Minimum Pulse Width. 


G-5367 


{ PULSE WIDTH GOES to ZERO 
BELOW VALUE INDICATED) 
N SET 


G -$366 


WOE 
SX \SNeam 
es 


ZaNSN 
Sn 
EEE 


Y 
th 


Se 


Lor 


’ 2 5 10 20 50 100 200 Ry(KN) 10 20 «30 50 100 200 fo(KHz) 
Figure 6 : Error Amplifier Open-loop Gain and Figure 7 : Shutdown Timing. 
Phase. 

G-5369/1 
V4 
(Vv) 

5 
INPUT to EXT STOP 
owntsee | 


DUTY CYCLE SAN ae 
CLAMP VOLTAGE 
PWM aT 
VOLT 


0 


500 1000 1500 Ty ins) 
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APPLICATION INFORMATION 


UC1840-UC2840-UC3840 


Figure 8 : Programmable PWM Controller in a Simplified Flyback Regulator. 


OC INPUT LINE 


STOP 
RESET . 


REMOTE 


| | START/ 


STOP 


In this application [see Fig.8] complete control is 
maintained on the primary side. Control power is 
provided by Rin and Cin during start-up, and by a 
primary-referenced low voltage winding. N2, for ef- 
ficient operation after start. The error amplifier loop 
is closed to regulate the DC voltage from N2 with 
other outputs following through their magnetic cou- 
pling - a task made even easier with the UC1840’s 
feed-forward line regulation. 


E 


<< 


DC LINE 


ee 


The UC1840 will readily accept digital start/stop 
commands transmitted from the secondary side by 
means of optical couplers. 


Not shown are protective snubbers or additional in- 
terface circuitry which may be required by the choice 
of the high-voltage switch, Qs, or the application 
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UC1840-UC2840-UC3840 


Figure 9 : Power Sequencing Functions. 


(NOTE 1) 


DRIVER | | | L_| L | LJ LJ L | 


BIAS 


SLOW- / | / | J 


START 


PWM 
OUTPUT 


Notes: 1. VC represents an analog of the output voltage generated by a primary-referenced secondary winding of the power transformer. It is 
the voltage monitored by the start/U.V. comparator and, in most cases, Is the supply voltage, Vi, for the UC1840 
2. Although input to External Stop, Pin 4, is shown, results are the same for any fault input which sets the Error Latch. 


POWER FREQUENCY FUNCTIONS 


Time Event . i Time Event 


Initial Turn- -on, V. Rises with Light Load Return to Normal Run State 


xa Start Threshold. Driver Bias Loads V, Reset Latch Set Signal Removed 
_ Operating PWM Regulates V. N | Error Latch Set with Momentary Fault 


Stop Input Sets Error Latch Turning off O Error Latch does not reset as Reset Latch is 
PWM reset | 


E U. V. Low Threshold. Error Latch Remain 
Set 


| F Start Turns on Driver Bias Bus Error Latch 
Still Set 


V_ and Driver Bias Continue to ewe 


| Stop Command Removed 
Error Latch Reset at U. V. Low Threshold 


J 
K Start Threshold Now Removes Slow-start 
Clam 


Return to Normal Run State 
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CURRENT MODE PWM CONTROLLER 


a OPTIMIZED FOR OFF-LINE AND DC TO DC 
CONVERTERS 

a LOW START-UP CURRENT (< 1 mA) 

» AUTOMATIC FEED FORWARD COMPENSA- 
TION 

a» PULSE-BY-PULSE CURRENT LIMITING 

» ENHANCED LOAD RESPONSE CHARACTE- 
RISTICS 

a UNDER-VOLTAGE LOCKOUT WITH HYSTE- 
RESIS 

» DOUBLE PULSE SUPPRESSION 

a HIGH CURRENT TOTEM POLE OUTPUT 

a INTERNALLY TRIMMED BANDGAP REFE- 
RENCE 

a 500 KHz OPERATION 

a LOW Ro ERROR AMP 


DESCRIPTION 


The UC1842/3/4/5 family of control ICs provides the 
necessary features to implement off-line or DC to 
DC fixed frequency current mode control schemes 
with a minimal external parts count. Internally imple- 
mented circuits include under voltage lockout featu- 
ring start-up current less than 1 mA, a precision re- 
ference trimmed for accuracy at the error amp input, 
logic to insure latched operation, a PWM compara- 


tor which also provides current limit control, and a 
totem pole output stage designed to source or sink 
high peak current. The output stage, suitable for dri- 
ving N-Channel MOSFETs, is low in the off-state. 


Differences between members of this family are the 
under-voltage lockout thresholds and maximum du- 
ty cycle ranges. The UC1842 and UC 1844 have UV- 
LO thresholds of 16 V (on) and 10 V (off), ideally sui- 
ted to off-line applications. The corresponding thres- 
holds for the UC1843 and UC1845 are 8.5 V and 
7.9V. The UC1842 and UC1843 can operate to du- 
ty cycles approaching 100 %. A range of the zero to 
< 50 % is obtained by the UC1844 and UC1845 by 
the addition of an internal toggle flip flop which 
blanks the output off every other clock cycle. 


Minidip Plastic SO-14 J 
and Ceramic 


DIP-14 Plastic 


BLOCK DIAGRAM (toggle flip flop used only in UC 1844 and UC1845) 


2(3) 
‘ra O 


1(1) 
COMP O 

3 (5) 

O 


CURRENT 
SENSE 


September 1988 


INTERNAL 
BIAS 


(10)6 
© 


OUTPUT 


(8)5 
© 
POWER 
CURRENT 
ENSE GROUND 
COMPARATOR 
$-7705/2 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 


ABSOLUTE MAXIMUM RATINGS * 


Supply Voltage (low impedance source) 


(low 

Self Limiting | 
| to [Outputcurent 
| [Analog inputs (pns2,3) | 08 tos | 
| __ [Error Amplifier Output Sink Current | tT mA 


Storage Temperature Range — 65 to 150 
Lead Temperature (soldering 10 s) 


* All voltages are with respect to pin 5, all currents are positive into the specified terminal 


BLOCK DIAGRAM (top view) 
DIP-14 / SO-14. Minidip Plastic and Ceramic. 


POWER 
GROUND 


UC1842 
UC1843 
UC1844 
UC1845 


UC2842 
UC2843 
UC2844 
UC2845 


UC3842 
UC3843 
UC3844 
UC3845 


UC2842D 
UC2843D 
UC2844D 
UC2845D 


UC3842D 
UC3843D 
UC3844D 
UC3845D 


UC2842B 
UC2843B 
UC2844B 
UC2845B 


UC3842B 
UC3843B 
UC3844B 
UC3845B 


UC2842J 
UC2843J 
UC2844J 
UC2845J 


UC3842J 
UC3843J 
UC3844J 
UC3845J 


UC2842N 
UC2843N 
UC2844N 
UC2845N 


UC3842N 
UC3843N 
UC3844N 
UC3845N 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 


THERMAL DATA 


Ceramic Plastic DIP-14 SO-14 
rice Baie: Gace 


Thermal Resistance Junction-ambient 200 | 200 °C/W | 100 | 100 °C/W | | 100 °C/W | °C/W 165 | 165 °C/W | 


ELECTRICAL CHARACTERISTICS (unless otherwise stated, these specifications apply for — 55 
< Tamp $125 TC for UC184X 5-25 < Tamp < 85 CT for UC284XK ;0< Tamp < 70 °C for UC384X ;V, = 15 V 
(Note 5) ; Rr = 10 K; C7 =3.3 nF) 


7 ges UC384X 
Parameter Test Conditions 


| Min. | Typ. |Max. | Min. | Typ. [Max. | 


REFERENCE SECTION 


ee a LTS 
Load Regulation 1<Il_e<¢ 20mA | | 6 | 28 | pe | | 6 fas | wv | 


Output Noise Voltage 10 Hz sf < 10 KHz T, = 25°C 50 50 
(Note 2) 


i ee RNS Eee ee 


OSCILLATOR SECTION 


Initial Accuracy T, = 25 °C (Note 6) 
es Co ee a 


[ [Temperature stabity | Tum < Tre eTuax ote) | | 8] | ps| || 
Vane Peak to Peak Eisele eae et | 
ERROR AMP SECTION 


hn Avau ostety Se nee | 
|B | Unity Gain Bandwidth _| Gain Bandwidth (Note2) ss 2) ff o7 {4 | | Miz | 


Supply Voltage 12<V,<25V i 70 
a emnece 


| 1g | Output Sink Current =| Vews =27V Vem =t1vi 2 [6] |2f6] | 
Te | Output Source Curent | Venn © 23V Vans =5¥ -oa{znal—esl-oa| — [a ra 


Vout High Von = 23V; 
R, = -15 KQ to Ground 
Vout Low Veino =27V: 
R,. =15 KQ to Pin 8 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 


ELECTRICAL CHARACTERISTICS (continued) 


Symbol Parameter Test Conditions UC284X 


CURRENT SENSE SECTION 


Von = 5 V (late 9 roof [et foops fui] v_ 
[sve [Suppty Votage Rejection [res vices vines) | pm | |v | 
Pe [input Bis urent— SS*di me [eto [ato] gn 
[oelay to Ouint | 80 200 [150 00 [ns 


OUTPUT SECTION 


Is =20mA | fot fo | fot | 04 


fet eee ae ae 
a te 
eee CP ae Ts 


Rise Time T,=25°C ©. =1nF 50 | 150 50 | 150 
(Note 2) 

Fall Time T,)=25°C C._ =1nF 50 | 150 50 | 150 
(Note 2) 


UNDER-VOLTAGE LOCKOUT SECTION 


PWM SECTION 


| 
$F i ————} *} #} 2 3 ft} 


TOTAL STANDBY CURRENT 


| tt [Startup Current | fos Tt Tf 08 Tt | ma | 


Operating Supply Vepine = Vping =0 V 11 | 20 11 | 20 | mA 
fer Fan SET ae 
| Vie | Zener |Zener Voltage si = 25 h=25mA f34{ | fsa] | 


Notes : 2. These parameters, although eae are not 100% tested in = 
3 Parameter measured at trip point of latch with Vpine = 0 
4. Gain defined as 
A= AXet -0<Vens<08V 
A Veins 
5 Adjust V, above the start threshold before setting at 15 V. 
6. Output frequency equals oscillator frequency for the UC1842 and UC1843. 
Output frequency ts one half oscillator frequency for the UC1844 and UC1845 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 


Figure 1 : Error Amp Configuration. 


Error amp can source or 
sink up to 0 5mA 


ON/OFF COMMAND 
TO REST OF IC 


UC1842 
UC18 44 


UC1843 
UC1B45 


During Under-Voltage Lockout, the output driver is 
biased to sink minor amounts of current. Pin 6 
should be shunted to ground with a bleeder resistor 


Figure 3: Current Sense Circuit . 


Yorr Yon 


$-770772 


to prevent activating the power switch with extra- 
neous leakage currents. 


| CURRENT 


SENSE 
COMPARATOR 


S-7709/1 


PEAK CURRENT (Is) IS DETERMINED BY THE FORMULA 


1.0V 


Is max = 


A SMALL RC FILTER MAY BE REQUIRED TO SUPPRESS SWITCH TRANSIENTS. 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 


i a 


Figure 4, Figure 5 : Deadtime vs. Cr (Rr > 5KQ). 
: _ : rae Se tq i ei ae Se gh i ne Sa) Ee TS 5 ~ 6105 ay 
(ps) 
‘Ree (8)- 
| 10 
| Ry 
| 
{ 
Ry/C 
rey @- : 
| 
Cy 
GROUND (5) | 1 
| | 
i 03 
172 
for Rr> SKQ f= 5 | 
a ee a e-2 en — 
Figure 6 : Timing Resistance vs. Frequency. Figure 7 : Output Saturation Characteristics. 
Visat) 
(Vi 
4 
3 
2 
J 
0 
Figure 8 : Error Amplifier Open-loop Frequency 
Response. 
G-5788 
10 100 iL, 10K 100K 1M f(Hz) 
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Figure 9 : Open Loop Test Circuit. 


ADJUST 


UC1842 


UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 


OUTPUT 


GROUND 


High peak currents associated with capacitive loads 
necessitate careful grounding techniques. Timing 
and bypass capacitors should be connected close 


Figure 10 : Shutdown Techniques. 


TO CURRENT 
SENSE RESISTOR 


S-771211 


to pin 5 in a single point ground. The transistor and 
5 KQ potentiometer are used to sample the oscilla- 
tor waveform and apply an adjustable ramp to pin 3. 


SHUTDOWN 


Shutdown of the UC1842 can be accomplished by 
two methods ; either raise pin 3 above 1V or pull pin 
1 below a voltage two diode drops above ground. 
Either method cause the output of the PWM com- 
parator to be high (refer to block diagram). The 
PWM latch is reset dominant so that the output will 
remain low until the next clock cycle after the shut- 


ky SGS-THOMSON 


down condition at pins 1 and/or 3 is removed. In one 
example, an externally latched shutdown may be 
accomplished by adding an SCR which will be reset 
by cycling V; below the lower UVLO threshold. At 
this point the reference turns off, allowing the SCR 
to reset. 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 


Figure 11 : Off-line Flyback Regulator. 


Power Supply Specifications 


1. Input Voltage : 95 VAC to 130 VAC 5. Output Voltage : 
(50 Hz/60 Hz) A.+5V,+5%:1Ato4A load 
Se Ripple voltage : 50 mV P-P Max. 
eo sca B.+12V,+3%:0.1At00.3A load 
3. Switching Frequency: 40 KHz Ripple voltage : 100 mV P-P Max. 
4. Efficiency @ Full Load: 70% C.-12V,+3%:0.1 Ato 0.3 A load 


Ripple voltage : 100 mV P-P Max. 


Figure 12 : Slope Compensation. 


| Isense 
eek 


Rsense 


SLOPEC. : LIB 


A fraction of the oscillator ramp can be resistively Note that capacitor, C, forms a filter with R2 to su- 
summed with the current sense signal to provide press the leading edge switch spikes. 

slope compensation for converters requiring duty 

cycles over 50 %. 
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a HIGH-VOLTAGE, HIGH-CURRENT OUTPUTS 

a» OUTPUT TRANSIENT PROTECTION 

s CMOS, PMOS, NMOS, TTL COMPATIBLE IN- 
PUTS 


UCN4801A 


BIMOS LATCH/DRIVERS 


ADVANCE DATA 


the simultaneous operation of all drivers at maxi- 
mum rated current can only be accomplished by a 
reduction in duty cycle. Outputs may be paralleled 


for higher load current capability. 
a INTERNAL PULL-DOWN RESISTORS 
a» LOW-POWER CMOS LATCHES [ 


DESCRIPTION 


The UCN4801A is a high-voltage, high-current 
latch/driver comprised of eight CMOS data latches, 
a bipolar Darlington transistor driver for each latch, 
and CMOS control circuitry for the common CLEAR, 
STROBE, and OUTPUT ENABLE functions. The bi- | 
polar/MOS combination provides an extremely low- | 
power latch with maximum interface flexibility. : 


The CMOS inputs are compatible with standard 
CMOS, PMOS and NMOS circuits. TTL or DTL cir- 
cuits may require the use of appropriate pull-up re- 
sistors. The bipolar outputs are suitable for use with 
relays, solenoids, stepping motors, LED or incan- 
descent displays, and other high-power load. 


The unit feature open-collector outputs and integral 
diodes for inductive load transient suppression. The 
output transistors are capable of sinking 500 mA 
and will sustain at least 50 V in the OFF state. Be- 
cause of limitations on package power dissipation, L 


DIP-22 
(Plastic) 


ORDER CODE : UCN4801ADP 


PIN CONNECTIONS (Top view) 


|} 22 1 - Clear 22 - Output enable 


Fa J 21 2 - Strobe 21- Vcc 
P>-2-H) 20 3 - Input 1 20- Output 1 
tH Ht 19 4- Input 2 19- Output 2 
A [>> [] 18 5- Input 3 18- Output 3 
a LS F 17 6 - Input 4 17 - Output 4 
zi = S34 F ais 7- Input 5 16- Output 5 
z <3: 15 8 - Input 6 15- Output 6 
TLE F ; 9- Input 7 14- Output 7 
ea 2G op 10- Input 8 13- Output 8 
: 11- GND 12- Common 
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UCN4801A 


ABSOLUTE MAXIMUM RATINGS 
pie eeePeti tire 0 See Mee Wey BERR OR) Bg Ee ie WA Peg [es a ea a 2 | ca 
Value ; Unit | 


‘: Symbol | Parameter 
—— ne Sg oe ape a et + --t  -. " Sn a ae ice Ta a 
ee CQ inat votage oe 


Pree ne ee he ren ens ne ee ee wen ee ee 


ed a ee es we ee ee 


, input Vonage Range -~O3to Ver + 6.3 | V 


| Contnucus Collector Current 500 mA 
eat eee Lettre sda Crlaeh se sied Deas an pe es eee a nee ee eh 
Power Dissipation” 


— 20 to + 85 


A 


Operating Ambient Temperature Range | 


“a ~~ : m4 A 
1 Tete oisrage Temperature = 59 10 © 126 
a ml a Rs nn nt Fm et ee ee we ree le a we eee = 
a ra ~ . 
Omate ithe rue ul. dem! Dabowe Poy. + 25°C 


SCHEMATIC DIAGRAM 


vec O— 


Input. OQ Common 


QO Output, 


Strobe 


| 

| 

| 

| 
Clear L 
| 
| 
I 


> Output enuble =. + >—- TO ges emir? ee 


— meee | ee eee eee 


Why COMMON MOS TYPICAL MOS TYPICAL BIPOLAR 
CONTROL LATCH DRIVER 


Sees ctokes ole tate a kyy SGS-THOMSON 
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UCN4801A 


ELECTRICAL wida Males aaah attake Tamy = + 29 °C. Vic = 5 V (unless otherwise specified) 


a Pe ee ve en ee gS A Ee ee ere ae eR rate al 
Symbol Parameter Min | Typ: Max.) Unit 
Ie Output Leakage Current (V. = 50 V) uA 


Collector- emitter Saturation Voltage 
lo = 100 mA 


lo = 200 mA 
lo = 350 MA, Vee MON. oa oh | ee ee 


' Input Voltage 
Vee 15 V 
Veco =10V 
Ve~ =5 V- (note 1) 


Input Resistance 
Veco = 15 V 
Veco =10V 

Veo =5.V 


Supply Current - Outputs Oper 


Vo\saz} 


| 
| Page S20) © 
! 


IcCion, 


asm |). Vee 15-V 
Vee =10V 
Veco =5V 


locyam 


All Drivers off, All Inputs =OV 


Clamp Diode Leakage Current \V.. = 260 V) 
ae a3p So 25 ag 
lace => 40°C 


| Clamp Diode Forward Voltage I= = 350 mA 


Note: i Operation ot these devices with standard TTL or DIL may require tne use of appropriate Pul-ud resistors to insure the minimum 
logic ‘I 


TRUTH TABLE 


Inforreaten oresent at an input .s tran ay red to tS wich when the 
STROGE isniah Ahigh CLEAR out wil set alt atcthes to the output 
OFF conaitior regardless ct tthe anita o; STROBE insutievets A high 
OUTPUT ENABLE wii set all outouis to ine OFF cond.tion regardless 
of any other input conditions Wrer the OUTPUT ENABLE :3 raw, the 
cutpuis uepend on the state of ine: ~aspecine latches 


= Irrelevant 
1= previous output state 


X 
t- 
t = present output State 


Ly SGS:THoMsoN ee ees 


MIS SELES TRORISS 
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UCN4801A 


TIMI 


NG CONDITIONS 


(Logic levels are Vcc and GND) Vcc = 5 V, Tamb + 25°C 


CLEAR 


ean 


OUTPUT 
ENABLE 


INN 


GUtseease | eee he 


A Minimum data active time before strobe enabled (data set-up time) 100 ns 

B Minimum data active time after strobe disabled (data hold time) 100 ns 

C Minimum strobe pulse width 300 ns 

D Typical time between strobe activation and output on to off transition 900 ns 

E Typical time between strobe activation and output off to on transition 500 ns 

F Minimum clear pulse width 300 ns 

G Minimum data pulse width 500 ns 
2 
8 
2 
eee ee ttt 
¢ ot cos 
q 
as eicle ial 
ea lial SUES 
5 44 Sa aes. 
i Ht ce 
BP j ~s 
aie oe el SO 
S oo (111 SLES 
rr i umber of outputs >= 2 
a aan conducting ~<a 
oO simultane ous! I 
oO mime Y | | WS 
= | Ty eae 
a 0 10 20 30 40 50 60 7 80 9g0 100 
= 
ie) 
= PERCENT DUTY CYCLE 
< 
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[== SGS-THOMSON ULN2001A-ULN2003A 


ST] 


» SEVEN DARLINGTONS PER PACKAGE 

» OUTPUT CURRENT 500 mA PER DRIVER 
(600 mA PEAK) 

s OUTPUT VOLTAGE 50 V 

» INTEGRAL SUPPRESSION DIODES FOR IN- 
DUCTIVE LOADS 

» OUTPUTS CAN BE PARALLELED FOR HI- 
GHER CURRENT 

» TTL/ICMOS/PMOS/DTL COMPATIBLE INPUTS 

2 INPUTS PINNED OPPOSITE OUTPUTS TO 
SIMPLIFY LAYOUT 


DESCRIPTION 


The ULN2001A, ULN2002A, ULN2003 and 
ULN2004A are high voltage, high current darlington 
arrays each containing seven open collector darling- 
ton pairs with common emitters. Each channel is ra- 
ted at 500 mA and can withstand peak currents of 
600 mA. Suppression diodes are included for induc- 
tive load driving and the inputs are pinned opposite 
the outputs to simplify board layout. 


The four versions interface to all common logic fa- 
milies : 


ABSOLUTE MAXIMUM RATINGS 


ULN2001A | General Purpose, DTL, TTL, PMOS, 
! CMOS | 
- ULN2002A | 14-25 V PMOS | 
ULN2003A | 5V TTL, CMOS — 
ULN2004A | 6-15 V CMOS, PMOS 


MICROELECTRONICS ULN2002A-ULN2004A 


SEVEN DARLINGTON ARRAYS 


These versatile devices are useful for driving a wide 
range of loads including solenoids, relays DC mo- 
tors, LED displays filament lamps, thermal prin- 
theads and high power buffers. 


The ULN2001A/2002A/2003A and 2004A are sup- 
plied in 16 pin plastic DIP packages with a copper 
leadframe to reduce thermal resistance. They are 
available also in small outline package (SO-16) as 
ULN2001D/2002D/2003D/2004D. 


DIP-16 Plastic 
(0.25) 


ORDER CODES : 
ULN2001 A/2A/3A/4A (DIP-16) 
ULN2001 D/2D/3D/4D (SO-16) 


Symbol Parameter Value _ | Unit — | 
a Vo Output Voltage - Ghee, es 50 nc at Vv J 
Vin | Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) , 30 tov 
le woe Continuous Collector Current 500 mA 

lb | Continuous Base Current 25 | mA | 
Feats i Operating Ambient Temperature Range | ; _ —20to85 °C 
ieee - Storage Temperature Range _ 7 7 -—55to150 : ne 
a . Junction Temperature a 150 °C 


September 1988 


ULN2001A-ULN2002A-ULN2003A-ULN2004A 


PIN CONNECTION 


OUT 
OUT 


OUT 


OUT 


OUT 
OUT 


OUT 


2 SOMMON. FREE 
WHEELING DIODES 


$-197781 


SCHEMATIC DIAGRAM 


COM 


O OUT 


EACH ORIVER : G- 489 
; EACH DRIVER LS -1986 
Series ULN-2001A Series ULN-2002A 

(each driver) (each driver) 


! { 
| 
| | 
| | 
| 


Ce at a eee eee Lo—#q@-—-—-------- 
EACH DRIVER EACH DRIVER 


Series ULN-2003A Series ULN-2004A 
(each driver) (each driver) 


THERMAL DATA 


vomes DIP—16 SO-16 
_ Thermal Resistance Junction-ambient : Max. 70 C/W 165 °C/W 


ae —_______---______ S¢S-THoMson 


bat GRORLEC VOR. 


ELECTRICAL CHARACTERISTICS (T,,.., = 25 °C unless otherwise specified) 


Syibol 


IcEx 


VcElsat 


lion) 


I, “fry 


Viton) 


Output Leakage Current 


Collector-emitter 
Saturation Voltage 


Input Current 


Input Current 


Input Voltage 


ree | DC Forward Current Gain 


C 


tpiw 


Ve 


Inout Canacitance 


Turn-on Delay Time 


Turn-off Delay Time ; 


Clamp Diode Leakage 
Current 


Clamp Diode Forward 
Voltage 


ULN2001A-ULN2002A-ULN2003A-ULN2004A 


Test Conditions 


Ver = 50V 
Tanase 7erc Vee Ss0v 
Tamp = 70 “C 

for ULN2002A 

Vor = 50V V,=6V 
for ULN2004A 

Voce = 50 V 


Ic = 100 mA Ip = 250 uA 
lc = 200 mA Ip = 350 tA 
Ic = 350 MA Ip = 500 UA | 


for ULN2002A V,=17V 
for ULN2003A_ V, = 3.85 V 
for ULN2004A V,=5V 


HT} 


°C Ie = 500 1A 
for ULN2002A 


Vee =2V Ic = 300 mA 
for ULN2003A 

Veeee2yv Ic = 200 mA 
Veesz2V Ic = 250 mA 
Vce=2V Ic = 300 mA 
for ULN2004A 

Vee =2V lc = 125 mA 
Vee =zaevV Ic = 200 mA 
VeraeVv Ic = 275 mA 
Vee=z=2V lc = 350 MA | 


for ULN2001A | 
Ver =2V I> = 350 mA 1000 


0O5V to0.5V. 
O5V tod05V, 


VR =50V 
Tamn = 0 ‘CC Vr =50V 


lr = 350 mA 


(yy SGS-THOMSON 
7 wcnoeecrromes 


17 


WwW: 


OnNON 


V s) 
V 5 
V 5 
V 5 
V 5 
V 5 
V 5 
V <) 
~ 2 
pF = 


ULN2001A-ULN2002A-ULN2003A-ULN2004A 


TEST CIRCUITS 
Figure 1a. Figure 1b. 


Figure 2. Figure 3. 


Figure 4. Figure 5. 


Figure 6. Figure 7. 


“*_____________________ {jj S6s-THomson 
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ULN2064B ULN2070B 
ULN2066B ULN2074B 
ULN2068B ULN2076B 


SGS-THOMSON 
NICROELECTRONMICS 
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50 V - 1.5 A QUAD DARLINGTON SWITCHES 


a» OUTPUT CURRENT TO 1.5 A EACH DARLING- 
TON 

» MINIMUM BREAKDOWN 50 V 

a SUSTAINING VOLTAGE AT LEAST 35 V 


. INTEGRAL SUPPRESSION ‘DIODES 
(ULN2064B, ULN2066B, ULN2068B and 
ULN2070B) 

a ISOLATED DARLINGTON PINOUT 


(ULN2074B, ULN2076B) 
» VERSIONS COMPATIBLE WITH ALL POPU- 
LAR LOGIC FAMILIES 


DESCRIPTION 


Designed to interface logic to a wide variety of high 
current, high voltage loads, these devices each 
contain four NPN darlington switches delivering up 
to 1.5 A with a specified minimum breakdown of 50 
V and a sustaining voltage of 35 V measured at 100 
mA. The ULN2064B, ULN2066B, ULN2068B and 
ULN2070B contain integral suppression diodes for 
inductive loads have common emitters. The 
ULN2074B and ULN2076B feature isolated darling- 
ton pinouts and are intended for applications such 
as emitter follower configurations. Inputs of the 
ULN2064B, ULN2068B and ULN2074B are compa- 


tible with popular 5 V logic families and the 
ULN2066B and ULN2076B are compatible with 6- 
15 V CMOS and PMOS. Types ULN2068B and 
ULN2070B include a predriver stage to reduce loa- 
ding on the control logic. 


POWERDIP 
124242 


PIN CONNECTIONS (top view) and ORDER CODES 


ULN2064B 
ULN2068B 


ULN2068B 
ULN2070B 


ULN2074B 
ULN2076B 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B | 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Vcex 


VCE(sus) 


lo 


V, 
ae 
Prot 


Tamb 
Tstg 


Parameter Value Unit 
Output Voltage 50 T V 
Output Sustaining Voltage a 35 ; ; ai V 
Output Current | LL5 A 
Input Voltage for ULN2066B/70B/74B/76B 30 V 
for ULN2064B/68B 15 V 


Input Current 


Supply Voltage for ULN2068B 
for ULN2070B 


Power Dissipation : at Tamb = 90 °C 
at Tea = 70 °C 


Operating Ambient Temperature Range 


Storage Temperature 


SCHEMATIC DIAGRAM 


— 55 to 150 
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$-5$920 


ULN2064B : Rin = 35 Q 
ULN2066B : Rin= 3 kQ 


kay SGS-THOMSON 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 


ELECTRICAL CHARACTERISTICS (Tamp = 25 °C unless otherwise specified) 


Symbol Parameter Test Conditions | Min. Typ. | Max. | Unit | Fig 
loex Output Leakage Current for ULN2064B — ULN2066B | 
Vee =50 V 
VceE(sus) | Collector-emitter for ULN2064B — ULN2066B 
Sustaining Voltage lc = 100 mA V,=0.4 V 35 
Vcesat) | Collector-emitter Ic = 500 mA lp = 625 WA 
Saturation Voltage lc = 750 mA lp = 935 LA 
lc =1A lg = 1.25 mA 
Ic = 1.25A lp =2mA 
lion) Input Current for ULN2064B V,=24V 1.4 
for ULN2064B V, =3.75 V 3.0 
for ULN2066B V,=5V 0.6 
for ULN2066B V,=12V 1.7 
Vion) Input Voltage for ULN2064B 
Vee = 2 V le = 1 A 
Voce =2V lc = 1.5A 
for ULN2066B 
VocpE =2V Ic=1A 
Vce =2V lc =1.5A 
teLy Turn — on Delay Time 0.5 V, to 0.5 Vy 


0.5 V, to 0.5 Vo 


Clamp Diode Leakage for ULN2064B — ULN2066B 
Current VR =80V 
Va =80V 


teHL Turn — off Delay Time 


Teaans = 70 °C 


Clamp Diode Forward 
Voltage 


Notes: 1 Input voltage is with reference to the substrate (no connection to any other pins) for the ULN2074B and ULN2076B refe- 
rence 1s ground for all other types 
2 Input current may be limited by maximum allowable input voltage 


SCHEMATIC DIAGRAM 


$-5922 


ULN2068B : Rin= 2.5 kQ 
ULN2070B :Rin= 11.6 kQ 


Rs = 900 Q 
Rs = 3.4 KHQ 


fy, SGS-THOMSON 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 


ELECTRICAL CHARACTERISTICS (V, = 5 V for ULN2068B, V, = 12 V for ULN2070B, Tamp = 25 C 
unless otherwise specified) 


Symbol _| Parameter Test Conditions | min. | Typ. | Max. | unit | Fig 
lcex | Output Leakage Current for ULN2068B — ULN2070B | sis# 
Voce =50V 100 uA | 
VcE =50V Tamb =70°C uA 
met +——— { 4 
Voeisus) | Collector-emitter | for ULN2068B — ULN2070B 
Sustaining Voltage lc = 100 mA V,=04V 
VCE (sat) Collector-emitter for ULN2068B 
Saturation Voltage Ic = 500 mA Vi.=275V 
lc = 750 mA V,=275V 
lc =1A V,=2.75 V 
lc =125A V,=2.75 V 
for ULN2070B 
Ig = 500 mA V.=5V 
le =750 mA V.=5V 
lIp=1A V.=5V 
Ip = 1.25 A V,=5V 
Ss gt 
Input Current for ULN2068B V,=2.75 V 


for ULN2068B V, =3.75 V 
| for ULN2070B V,=5V 


for ULN2070B V,=12V 


Vion) | Input Voltage Veseov iesisa. | 
| for ULN2068B 
for ULN2070B 


Is Supply Current for ULN2068B 
lc = 500 mA V,=275V 
for ULN2070B 
Ic = 500 mA 


V,=5V 


Turn-on Delay Time O5V,toO5Vo 
tee Turn-off Delay Time 0 5V,to0.5V, Ic =125A = HS 
Iz. | Clamp Diode Leakage for ULN2068B — ULN2070B “7 
Current Va =50V 50 LA 6 


| Va = 50 V Tome] 70°C 100 | wA J 
=e. = 5 
Ve | Clamp Diode Forward lc =1A 175 V 7 
Voltage Ir =15A 2 V 


SCHEMATIC DIAGRAM 


ais 
RIN 
EO aoe ae 
1 
SUB 
ULN2074B Rw= 3502 
ULN2076B .Rin= 3k 
4/8 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 


ELECTRICAL CHARACTERISTICS (Timp = 25 ‘C unless otherwise specified) 


Sa ae ee Genet eee : ; Pee ; 
| Symbol | Parameter Test Conditions _| Min. Typ. | Max. | Unit | Fig | 
| Icex | Output Leakage Current for ULN2074B — ULN2076B 
Vee =50 V 100 uA { 
= | Voce =50V Tae = 70 °C 500 tA 
Veersus) | Collector-emitter for ULN2074B — ULN2076B Zz 
Sustainina Voltage Ilo = 190 mA V,=04V 
VE (sat) Collector-emitter lc = 500 mA Ip = 625 tA 
Saturation Voltage lc = 750 MA lp = 935 uA 
lc =1A lp = 1.25 mA 
Ic =125A lp =2mA 


for ULN2074B V,=24V 
for ULN2074B V,=375V 
for ULN2076B V.=5V 

| for ULN2076B V,=12V 


Input Current 


+——— 
for ULN2074B 

Vee n2Vv 

Voce =z=2V 

for ULN2076B 

| Voce =2V | 


| Vee =2V lo leew 2) 
ters: | Turn-on Delay Time | 05V,to05V, 


0.5 V, to 05 Vo 


SY Waser | Input Voltage 


teue : Turn-off Delay Time 


TEST CIRCUITS 
Figure 1. 


Figure 2. 


Figure 3. Figure 4. 
OPEN CPEN 
> | 
a) OPEN 
© | Yor I¢ 
' Vi 
isis ae! oes 
Ce ESE S-1986 | 
SGS-THOMSON 3/8 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 


Figure 5. Figure 6. 


$-5727 


Figure 7. Figure 8. 


S-5928 


Figure 9 : Input Current as a Function of Figure 10 : Input Current as a Function of 
Input Voltage. Input Voltage. 
G-4036 G-4935 
I, 
(mA) { 
ie ULN 20648 ao ile 1 : 
| ULN 2074B 
pe ‘i 
re ee ; Re ae 8 
AN ! 
8 we \\ 4 Tr —_ 
+ | | 
2 He fea iy 
sa \\Ipen 
VAS WS Anee OF NORMAL 
2 er RATION WITH 
STANDARD OR 
LOW -SPEEO TYL 
0 
15 20 25 #30 35 40 45 $9 V,{(Vv) 5 6 7 8 9 10 1 Vv, (¥) 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 


Figure 11 : Collector Current as a Function of 
Input Current. 


G £336 
I¢ 
(A) 


15 


MAXIMUM 
a's -~i- 
10 | aru B 
ULN 2064/66B 
ULN 2074/76B 


| : 
sel ae 


Pi 


| 
i SS t 
0 10 20 30 1, (mA) 


TYPICAL APPLICATIONS 
Figure 12 : Common-anode LED Drivers. 
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Figure 13 : Common-cathode LED Drivers. 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 


ee 


MOUNTING INSTRUCTIONS 


The Rin)-amp Can be reduced by soldering the GND 
pins to a suitable copper area of the printed circuit 
board (Fig. 14) or to an external heatsink (Fig. 15). 


The diagram of figure 16 shows the maximum dis- 
Sipable power Prot and the Rin j-amb as a function of 


During soldering the pins temperature must not ex- 
ceed 260 ‘C and the soldering time must not be lon- 
ger than 72 seconds. 

The external heatsink or printed circuit copper area 
must be connecied to electrical ground. 


the side "cv" of two equal square copper areas ha- 
ving a thickness of 35 u (1.4 mils). 


Figure 14 : Example of P.C. Board Copper Area 


which 1s Used as Heatsink. 


| -— 


prererg reOrryT, , icted aad eck ee SALLE es 
ie IS. Get 7 eae BO sith 
(MEMLELED UL ees, LG 
4 Lf, Z GLI OO?. iy tye a 
Vy yy 


2A 


7 


\ 
PC BOARD 


Figure 15 : External Heaisink Mounting Example. 


Figure 16 : Maximum Dissipable Power and 
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Junction te Ambient Thermal 
Resistance vs. Side "a". 


Figure 17 : Maximum Allowabie Power Dissi- 
pation vs. Ambient Temperature. 
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ULN2065B ULN2067B 
ULN2069B ULN2071B 
ULN2075B ULN2077B 


80 V - 1.5 A QUAD DARLINGTON SWITCHES 


a OUTPUT CURRENT TO 1.5 A EACH DARLING- 
TON 

a MINIMUM BREAKDOWN 80 V 

a» SUSTAINING VOLTAGE AT LEAST 50 V 


» INTEGRAL = SUPPRESSION DIODES 
(ULN2065B. ULN2067B, ULN2069B and 
ULN2071B) 


s ISOLATED DARLINGTON PINOUT (ULN2075B 
and ULN2077B) 

a VERSIONS COMPATIBLE WITH ALL POPU- 
LAR LOGIC FAMILIES 


DESCRIPTION 


Designed to interface logic to a wide variety of high 
current. high voltage loads, these devices each 
contain four NPN darlington switches delivering up 
to 1.5 A with a specified minimum breakdown of 
80 V and a sustaining voltage of 50 V. The 
ULN2065B,  ULN2067B, ULN2069B and 
ULN2071B contain integral suppression diodes for 
inductive loads and have common emitters ; the 
ULN2075B and ULN2077B feature isolated darling- 
ton pinouts and are intended for applications such 
as emitter follower configurations. Inputs of the 
ULN2065B. ULN2069B and ULN2075B are compa- 
tible with popular 5 V logic families and the 
ULN2067B, ULN2071B and ULN2077B are compa- 


PIN CONNECTIONS AND oneey CODES 


tible with 6-15 VCMOS and PMOS. Tne ULN2069B 
and ULN2071B include a predriver stage to provide 
extragain, reducing the load on control logic. 


POWERDIP 
12+2+4+2 


ULN2065B 
ULN2067B 
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ULN2069B 
ULN2071B 


ULN2075B 
ULN2077B 
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B 


ABSOLUTE MAXIMUM RATINGS 


Symbol ia Parameter Value | Unit 
Vcex | Output Voltage 80 V 
Vcevsus) | Output Sustaining Voltage | 50 V 
lo Output Current 175 | A 
Vv, | Input Voltage for ULN2075B — 2077B 60 V 
for ULN2067B — 2071B 30 V 
for ULN2065B — 2069B 15 V 
SS ene ee ere eee eee 
I Input Current 25 mA 
| vs | Supply Voltage for ULN2069B 10 V 
for ULN2071B 20 V 
ig + ——t 
Prot Power Dissipation : at Tpins = 90 °C 4.3 W 
| : : at Tamb = 70 °C a 1 | W 
Tams | Operating Ambient Temperature Range | — 20 to 85 eG 
T stg Storage Temperature 7 ee : 55 to 150 | i © | 


SCHEMATIC DIAGRAM 


ULN2065B : Rin = 350 Q 
ULN2067B : Rin= 3 kQ 


2/8 fy7 SGS-THOMSON 
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ELECTRICAL CHARACTERISTICS (T,, 5 = 25 © unless otherwise specified ) 


ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B 


RA ge | : a. 
| Symbol | Parameter | Test Conditions | Min. Typ. | Max. | Unit | Fig. | 
t fos a, 

lcex | Output Leakage Current “or ULN2065B — ULN2067B : ! , 
| | Vce =80V , 100 pA *. 4 
'Vce =80V Tans 70°C : | 500 A : 
VceE(sus) | Collector-emitter | for ULN2065B — ULN2067B | | | 
Sustaining Voltage lc = 100 mA V,=04V 50 V oe. ! 
Voce (sat) | Collector-emitter Ie =500mMA Ig =625 NA | 1.1 V 
' Saturation Voltage . Ie = 750 mA lp = 935 nA 1.2 Vo 
Ic=1A lg = 1.25 mA 1.3 V 3 
/ Io =1.25A lg =2mA 14 V 
! | for ULN2065B — ULN2067B 
= De ae, = Ic =15 A 7 tp =2.25 mA ; - 1.5 V 
lyon) | Input Current for ULN2065B V,=2.4V 14 | 43 mA 
| for ULN2065B V, =3.75 V 3.3 96 mA, 
: ' for ULN2067B V,=5V 0.6 1.8 mA 
ren & eer for ULN2067B V, = 12 V Av 5.2 0 mA 
Vion) | Input Voltage | for ULN2065B 
Veep =2V Ic =1A 2 V 5 
| : Veep =2V Ic =1.5A 2.5 V 
| | - for ULN2067B 
| 'Vce =2V lc =1A 6.5 V 
ae oe teeth ee. | Vce =2V ; Ic =15A 10 V 
— tery | ‘Turn-on Delay Time | 0.5 V, to 0.5 Vo 1 oS 7 
fe tPHL Turn-off Delay Time _ | 0.5 V, to 0.5 Vo ; : 15 ts ie 
Ip Clamp Diode Leakage | for ULN2065B — ULN2067B | 
| Current Va =80V 50 A | | 
Pa i es aio ee ee Vr = 80 V _ Tamb = 70 °C 100 A 6 
Ve Clamp Diode Forward i lp =tA ! 1.75 VY 7 : 
Voltage Ip =1.5A 2 , 2 Vo | 
Notes: 1 Input voltage is with reference to the substrate (no connection to any other pins) for the ULN2075B and ULN2077B refe- 


rence 1s ground for all other types 


2 Input current may be limited by maximum allowable input voltage. 


SCHEMATIC DIAGRAM 


ULN2069B : Rin = 2.5 KQ, 
ULN2071B :Rin= 11.6 KQ, 


S-5922 
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S/ MICROELECTRONICS 


Rs = 900 Q 
Rs = 3.4 KQ2 
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B 


ELECTRICAL CHARACTERISTICS (V, = 5 V for ULN2069B, V, = 12 V for ULN2071B, 
Tamb = 20 °C unless otherwise specified ) 


Symbol| Parameter |_—Test Conditions __| Min. | Typ. | Max. | Unit | Fig. | 


lcex Output Leakage Current for ULN2069B — ULN2071B 
Voce =80 V 100 LA , 
Vce = 80 V Tamb = 70 °C 500 uA 
Vce(sus) | Collector-emitter ULN2069B — ULN2071B 
Sustaining Voltage lc = 100 mA V,=0.4V 


Voce (sat) | Collector-emitter for ULN2069B 
Saturation Voltage Ic = 500 mA V,=2.75 V 
lc = 750 mA V,=2.75 V 


lc=1A V,=2.75 V 
lc = 1.25A V,=2.75 V 
lc =1.5A V,=2.75 V 


for ULN2071B 
Ic = 500 mA V.=5V 
Ic = 750 mA V,.=5V 


lc=1A Vi.=5V 
le =1.25A V,=5 V 
lc =1.5A V,=5V 


for ULN2069B V, =2.75 V 
for ULN2069B V, =3.75 V 
for ULN2071B 
for ULN2071B 
Vce=2V 
for ULN2069B 
for ULN2071B 


for ULN2069B 
lc = 500 mA V,=2.75 V 


Input Voltage 
for ULN2071B 


Supply Current 
Ic = 500 mA =5V 


en | Turf Dey Tine | 08 Vito 05, estas Ta 


re Clamp Diode Leakage for ENDORSE — ULN2071B 


Current Va =80V 
SCHEMATIC DIAGRAM 


Fant = 70 °C 


VR =80V 
Clamp Diode Forward 
Voltage 


A 


aaa Ee 
U 


Nn 
Lee] 


$-$9264 


ULN2075B : Rin= 350 2 
ULN2077B : Rin= 3 kQ 
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ELECTRICAL CHARACTERISTICS (Tamp = 25 °C unless otherwise specified ) 


Symbol| Parameter |_—Test Conditions | Min. | Typ. | Max. | Unit | Fig. 


ICEX Output Leakage Current for ULN2075B — ULN2077B 
Vce =80 V 100 
Vce = 80 V Tamb = 70 °C 500 
VcE(sus) | Collector-emitter for ULN2075B — ULN2077B 
Sustaining Voltage lc = 100 mA V,=04V 50 


VoE(sat) | Collector-emitter Ic = 500 mA lp = 625 pA 
Saturation Voltage lc = 750 mA lp =935 pA 
Ic=1A Ip = 1.25 mA 
lc =1.25A Ip =2 mA 
for ULN2075B — ULN2077B 
lc =1.5A Ip = 2.25 mA 


lion) Input Current for ULN2075B ; mA 4 
for ULN2075B ; ; mA 
for ULN2077B 0.6 ; mA 
for ULN2077B mA 

(on) | Input Voltage for ULN2075B 5 

Voce =2V = 2 V 
Voce =2V a1), 2.5 V 
for ULN2077B 
Voce =2V = An 
=e =2V =I. 


Cie [Tuon beep tme [os viwasve 
teva. | Tumn-off Delay me -[osvitoosv, OS Ds 


TEST CIRCUITS 
Figure 1. Figure 2. 


Figure 3. Figure 4. 
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B 


Figure 5. Figure 6. 


Figure 7 
OPEN | 2 
| 
| 
Figure 9 : Input Current as a Function of Figure 10 : Input Current as a Function of 
Input Voltage. Input Voltage. 


(mA) (mA) [ | | 
1 a = esl 2 4 
: 5 u ULN 20678 | 
ULN 2075Bi ULN 20778 | | 
r i ; 1 é here ae 
10 5 - a | 
i | 
8 | — 4 -- i o> + -- 23 | 
! wot ! a 
! ule | 
6 3 wee 
ee on a 0 
| Be hes | | 
‘ Nea ems ge he coer 
AREA OF NORMAL ae MINIMY 
~ |. \{OPERATION. WITH oes cit - a 
2 v STANDARD OR ' + + 
LOW -SPEED TTt 
15 20 25 30 35 40 45 $0 V,(Vv) 5 6 7 8 9 10 1 v, (Vv) 
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B 


Figure 11 : Collector Current as a Function of 
Input Current. 
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ety 
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| 
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MOUNTING INSTRUCTIONS 


The Rihj-amb Can be reduced by soldering the GND 
pins to a suitable copper area of the printed circuit 
board (Fig. 12) or to an external heatsink (Fig. 13). 


The diagram of figure 14 shows the maximum dis- 
sipable power Ptot and the Rth j-amb as a function of 
the side "oc" of two equal Square copper areas ha- 
ving a thickness of 35 ut (1.4 mils). 


Figure 12 : Example of P.C. Board Area which is 
Used as Heatsink. 


COPPER AREA 353, THICKNESS 


a 


Ld 
a J 


During soldering the pins temperature must not ex- 
ceed 260 °C and the soldering time must not be lon- 
ger than 12 seconds. 


The external heatsink or printed circuit copper area 
must be connected to electrical ground. 


Figure 13 : External Heatsink Mounting Example. 
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Figure 14 : Maximum Dissipable Power and Junc- Figure 15 : Maximum Allowable Power Dissipa- 
tion to Ambient Thermal Resistance tion vs. Ambient Temperature. 
vs. Side "I". 


Prot (Tamb = 70°C)! 


Poof 
: ' 


-50 0 50 00 Tamb (°C) 


= L577 SGS:THomson 


MICROELECTRONICS 
1136 


ky SGS-THOMSON 


MICROELECTROMCS 


ae 


» EIGHT DARLINGTONS WITH COMMON EMIT- 
TERS 

a OUTPUT CURRENT TO 500 mA 

a OUTPUT VOLTAGE TO 50 V 

a INTEGRAL SUPPRESSION DIODES 

a VERSIONS FOR ALL POPULAR LOGIC FAMI- 
LIES 

a OUTPUT CAN BE PARALLELED 

» INPUTS PINNED OPPOSITE OUTPUTS TO 
SIMPLIFY BOARD LAYOUT 


DESCRIPTION 


The ULN2801A-ULN2805A each contain eight dar- 
lington transistors with common emitters and inte- 
gral suppression diodes for inductive loads. Each 
darlington features a peak load current rating of 600 
mA (500 mA continuous) and can withstand at least 
50 V in the off state. Outputs may be paralleled for 
higher current capability. 


Five versions are available to simplify interfacing to 
standard logic families : the ULN2801A is designed 
for general purpose applications with a current limit 
resistor : the ULN2802A has a 10.5 KQ input resis- 
tor and zener for 14-25 V PMOS : the ULN2803A 
has a 2.7 KQ input resistor for 5 V TTL and CMOS ; 


CONNECTION DIAGRAM (top view) 


ui 


ULN2801A 
ULN2802A ULN2803A 
ULN2804A ULN2805A 


EIGHT DARLINGTON ARRAYS 


the ULN2804A has a 10.5 KQ input resistor for 6-15 
V CMOS and the ULN2805A is designed to sink a 
minimum of 350 mA for standard and Schottky TTL 
where higher output current 1s required. 


All types are supplied in a 18-lead plastic DIP with 
a copper lead from and feature the convenient in- 
put-opposite-output pinout to simplify board layout. 


(Plastic) 


DIP-18 


2 
mn 
mn 


OUT 8 


10 COMMON FREE 
WHEELING DIODES 


$— 36901 
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 


ABSOLUTE MAXIMUM RATINGS 


Symbol 
Vo 
V; 


Prot 


Output Voltage 


Input Voltage for ULN2802A, 2803A, 2804A 


for ULN2805A 
Continuous Collector Current 
Continuous Base Current 


Power Dissipation (one Darlington pair) 


(total package) 


Operating Ambient Temperature Range 


stg 


ie 
L iE 


Storage Temperature Range 


SCHEMATIC DIAGRAM AND ORDER CODES 
For ULN2801A (each driver for PMOS-CMOS) 


ING 


e <)COM 


y—OouT 


| 
| 
! 
! 
is 


EACH DRIVER 


10 
INC)—9 #@ 
! 


Value 


Parameter 


50 


— 20 to 85 
— 55 to 150 


>t—O com 
5kn ~~ -—~4—y—Nour 
ao 
a \ 
72kN 3kN ! A 
Ly peop 
1 
salliesiiendientiadandientibaliontin dates 


For ULN2804A (each driver for 6-15 V 
CMOS/PMOS 


INOQ-—9- 


| 

| 

| 

! 
Le 
E 


tT 

' | 
| 

! | | 3KN A 
\ —-{ } + 

‘ 

ie 


+ - 
HACH DRIVER 
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ACH DRIVER 


For ULN2802A (each driver for 14-15 V PMOS) 


EACH DRIVER sles © 2d age 


rp com 


-4—+—oout 
x 7 


ULN2801 A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 


THERMAL DATA 


Rth J-amb 


ELECTRICAL CHARACTERISTICS (T.,, = 25 © unless otherwise specified) 


Output Leakage Current 


Collector-emitter 
Saturation Voltage 


Input Current 


Input Current 


VCE (sat) 


Input Voltage 


DC Forward Current Gain 


Input Capacitance 
Turn-on Delay Time 0.5 V, to 0.5 Vo 0.25 | 1 LS 
Turn-off Delay Time 0.5 V, to 0.5 Vo 0.25| 1 | ps 


Clamp Diode Leakage 
Current 


Clamp Diode Forward 
Voltage 


Thermal Resistance Junction-ambient 


Vee =50 V 
Tamb = 70 °C 
heme 70°C 
for ULN2802A 
Voce =50 V 

for ULN2804A 
Vee = 50 V 


Io = 100 mA 
lc = 200 mA 
lo = 350 mA 


for ULN2802A 
for ULN2803A 
for ULN2804A 


for ULN2805A 
T amb = 70 °C 


for ULN2802A 
Voce =2V 
for ULN2803A 
Ver =2V 
Vce =2V 
Voce =2V 
for ULN2804A 
Voce =2V 
Vor =2V 
Vee =2V 
Vop =2V 
for ULN2805A 
Voce =2V 


for ULN2801A 
Vop =2V 


Va =50V 
Tamb = 70 °C 


lf = 350 mA 


kyy 


Voce = 50 V 


V,=6V 


lg = 250 pA 
Ig = 350 A 
lg = 500 pA 


lc = 500 pA 


lc = 300 mA 
Ic =200 mA 
lc = 250 mA 
lc = 300 mA 
Ic = 125 mA 
Ic = 200 mA 
lc =275 mA 
Ic = 350 mA 


Ic = 350 mA 


Ic = 350 mA 


VR =50V 


SGS-THOMSON 
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TEST CIRCUITS 
Figure 1a. Figure 1b. 


§$-$725 


Figure 2. Figure 3. 


Figure 4. 
] 
OPEN 
To} 
Figure 6. Figure 7. 
: 
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 


Figure 8 : Collector Current as a Function of Figure 9 : Collector Current as a Function of 
Saturation Voltage. Input Current. 


a 
cea 


0 05 10 15 Vee(sath”? 0 200 400 1, (pA) 
Figure 10 : Allowable Average Power Dissipation Figure 11 : Peak Collector Current as a Function 
as a Function of Ambient Temperature. of Duty Cycle. 


NUMBER OF OUTP 
CONDUCTING 
SIMULTANEOUSLY 


ce) 50 100 150 Tamp(°C) fe) 10 20 30 40 50 60 DUTY CYCLE(%.) 
Figure 12 : Peak Collector Current as a Function Figure 13 : Input Current as a Function of Input 
of Duty. Voltage (for ULN2802A). 


NUMBER OF OUTPUTS 
CONDUCTING 


SIMULTANEOUSLY 
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Figure 14 : Inout Current as a Function of Input Figure 15 : Input Current as a Function of Input 
Voltage (for ULN2804A) Voltage (for ULN2803A) 


20 25 30 35 40 45 50 55 60 V, (V) 


Figure 16 : Input Current as a Function of Input 
Voltage (for ULN2805A) 


Eades AN 


segee” fe 


AREA OF NORMAL 
NL OPERATION WITH 
STANDARD OR 
SCHOTTKY TTL 
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(@, SGS-THOMSON = =—s-ULQ.2001R/2R 
Tf imcrorecrromes ULQ2003R/4R 


SEVEN DARLINGTON ARRAYS 


s SEVEN DARLINGTONS PER PACKAGE = 

« OUTPUT CURRENT 500 mA PER DRIVER 
(600 mA PEAK) 

» OUTPUT VOLTAGE 50 V 

» INTEGRAL SUPPRESSION DIODES FOR IN- 
DUCTIVE LOADS 

» OUTPUT CAN BE PARRALLELED FOR HI- 
GHER CURRENT 

s TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS 

» INPUTS PINNED OPPOSITE OUTPUTS TO 
SIMPLIFY LAYOUT 


DIP-16 Ceramic | 


DESCRIPTION 


The ULQ2001R, ULQ2002R, ULQ2003R and 
ULQ2004R are high voltage, high current darlington 
arrays each containing seven open collector darling- 
ton pairs with common emitters. Each channel is ra- 
ted at 500 mA and can withstand peak currents of 
600 mA. Suppression diodes are included for induc- 
tive load driving and the inputs are pinned opposite 
the outputs to simplify board layout. 


The four versions interface to all common families. 


Fe a ea Bee SET | 


| ULa2001R General Purpose, DTL, TTL, CMOS 

ULQ2002R 15-25 V PMOS | 
ULQ2003R 5 V TTL, CMOS . 

| ULQ2004R _ 6-15 V CMOS, PMOS 

These versatile devices are useful for driving a wide 

range of loads including solenoids, relays DC mo- 


tors, LED displays, filament lamps, thermal prin- ee 
theads and high power buffers. 


The ULQ2001R, ULQ2002R, ULQ2003R and ULQ 
2004R are supplied in 16 pin ceramic DIP packages. 


{ 
pi-+—J]9 COMMON FREE 
WHEELING DIODES 


ABSOLUTE MAXIMUM RATINGS 


Symbol | - ; Parameter : 7 Value 7 " Unit — 
Moe GUO een eet tees teeta 
| Vin___| Input Voltage (for ULQ2002R/2003R/2004R)  . 00 ae, 
le | Continuous Collector Current _ 00 mA 
ee 7 : Continuous Base Current a OB | mA 
! Tae Operating Ambient Temperature Range a ~ 20 to + 85 | C | 
ee | Storage Temperature Range — 55 to 150 | C | 
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ULQ2001R-ULQ2002R-ULQ2003R-ULQ2004R 


SCHEMATIC DIAGRAM 


— eee i i 


EACH DRIVER S- 3W9 EACH DRIVER 
Series ULQ2001R Series ULQ2002R 
(each driver) (each driver) 


| 
| 
| 
| 


L— +] ES fe ion a A a 


EACH DRIVER S- 1989 EACH DRIVER 5 - 2576 
Series ULQ2003R Series ULQ2004R 
(each driver) (each driver) 
7 
THERMAL DATA 
[Rin ra Thermal Resistance Junction-ambient 7 Max 150 | °C/W | 
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ELECTRICAL CHARACTERISTICS (Tamp= 25° C unless otherwise specified) 


ULQ2001R-ULQ2002R-ULQ2003R-ULQ2004R 


ka _SGS-THOMSON 
‘J7 iucnoerectromes 


| Symbol | Parameter Test Conditions Min. Typ. Max. Unit Fig. | 
Icex Output Leakage Vce =50 V 50 LA 1a 
~ Current Tamb = 70 °C Voce = 50 V 100 uA la 
Tamb = 70 i © 
for ULQ2002R 
Voce =50 V V,=6V 500 uA 1b 
: for ULQ2004R 7 
| Voce = 50 V Vi=1V ; 500. WA 1b 
Rguo = cy ek mainte OW) os See Joes ye} bcm sae ll pe 2a Wi? Cathryn ee el? ca, RG ae wil 
Voce (sat) | Collector-emitter lc = 100 mA Ip = 250 vA 0.9 1 « WV 2 
Saturation Voltage Io = 200 mA Ip = 350 pA TA 13 V 2 
| lo = 350 mA lz = 500 pA 13 1.6 V 2 
lwony | Input Current for ULQ2002R V,=17V 0.82 1.25 mA 3 
| for ULQ2003R V, =3.85 V 0.93 1.35 mA 3 
for ULQ2004R V,=5V 0.35 0.5 mA 3 
V,=12V 1 1.45 mA 3 
Lott) | Input Current Tanke 70°C lc =500pA | 50 65 uA | 4 
Vion) | Input Voltage for ULQ2002R | 
Voce =2V Ic = 300 mA | 13 V 5 
for ULQ2003R | 
Voce =2V lc = 200 mA 2.4 V 5 
| Voce =2V Ic = 250 mA | 2./ V 5 
| Voce =2V lc = 300 mA 3 \ ae 
for ULQ2004R 5 
Vee =2V lc =125 mA s) V 
Vee =2V Ic = 200 mA 6 V 5 
Voce =2V Ico = 275 mA 7 V 5 
Voce =2V Ico = 350 mA 8 V 5 
Nee DC Forward Current for ULQ2001R | 
sak Gain ae ae Voce =2V ae Ic = 350 mA 1000 : - a 
C, __ Input Capacitance 2: ; ; 15 25 pF - 
tPLH Turn-on Delay Time | 0.5 V; to 0.5 Vo es | 0.25 1 us - 
teu. . i Turn-off Delay Time | 0.5 V, to 0.5 Vo 0.25 1 us 
IR Clamp Diode Leakage | Va = 50 V 50 uA 6 
Current Tamb = 70°C ~VrR=50V 100 uA 6 
Ve Clamp Diode Forward | Ilr =350 mA 1,2 2 V 7 
| Voltage | | 
3/4 
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TEST CIRCUITS 
Figure 1a. Figure 1b. 


Figure 2. Figure 3. 


Figure 4. Figure 5. 


a | OPEN 
O ® 
Vce | Ic 
| L 
{ 


oe Se. 
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Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 


UNITED KINGDOM 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel (44-628) 890800 
Telex 847458 

Telefax (44-628) 890391 


U.S.A. 


NORTH & SOUTH AMEG.CAN 
NMARKETOIG HEADQUARTERS 
1000 East bel, Road 

Phoen.«, AZ 85022 

($4692) &67-67109 


SALES COVERAGE Br STATE 


ALABAMA 

Muntsvine (eat) 35-5995 
ARIZONA 

Phere - (Guy) GET Dt 
CALIFORNIA 


Irvine - (714) 250-0455 
San Jose - (408) 452-8585 


COLORADO 

Boulder (203, 443 3009 
GEORGIA 

Narerds > - (36d) G4e-Tagad 
ILLINOIS 

Sonat Oargy - 242) 8417-1899 
MARYLAND 

Columns a - (30%) 995 6952 
MASSACHUSSETTS 


Waitham - (617) 890-6688 


NEW JERSEY 

Voorhees - (689) 772-6222 
OREGON 

Tigard - (693) 620-5517 
TEXAS 


Austin - (572) 339 4491 
Carrohian - (274) 456-83 i4 


WASHINGTON 
Seattle - (206) £24-6421 


FOR RE ANT CICROWALE 


POWER TRANSISTORS CONTACT 


THE FOLLOWING REGIONAL. 
OFFICES IN THE USA 


CALIFORNIA 

Hawthorne - (213) 675-0742 
NEW JERSEY 

Totowa - (20%) 826-6864 
PENNSYLVANIA 


eres tha 23 Cie 
Montgomst yvile (15) 362-45u 


TEXAS 
Caretior - (214) 166-8844 


SALES OFFICES 


WEST GERMANY 


6000 FRANKFURT M1 
Gutieutst'abe 322 

Tel (49-69) 237492 

Teiex 176997 689 
Telerax (49 69) 231957 
Taletex 6997689 = Si VBP 


8011 GRASBRUNN 
Bretonischer Ring 4 
NeukoTeroh Tecnnooatk 
Te, (89-49) 4506AG 

rela, BOGE 

Telefay (49-29) 4605754 
jeleter B97IGF STIDVICTR 


3000 HANNOVER 1 
Eckhenerstrasse 5 

re, (49-5*1) 634194 
“ajiey 175743419 

Teieiox o1 124160 Csiben 
Teletax (49-511) 633552 


8500 NURNBERG 20 
Erlenstege istrasse 72 
T@ (49-075) 507032 

Eley GOOZSE 


Teigtay (49-974) 5980701 


5200 SIEGBURG 
Frankturter Sir 22a 

Ter (49 224°) 660 Bd-8a 
Teiex 689516 

Teigiay (dy 2241) 67584 


7000 STUTTGART 1 
Oberer hirchraldenweg 135 
Tet (49-711), 692041 

Telex. 721718 

Teletay (149 711) 691408 


Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for 
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of S@S-THOMSON Microelectronics. Specifica- 
tions mentioned tn this publication are subject to change without notice. This publication supersedes and replaces all information previou- 
sly supplied SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems 


without express written approval of SGS-THOMSON Microelectronics. 
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